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1. Own contribution to the publications

1.1 Contribution to the project IMPFLMU 
The project „Prospektive Studie zur Evaluierung des Impfprozesses und zur Erfassung 
der Impfbereitschaft von Mitarbeiter*innen am LMU Klinikum im Zuge der Covid-19 Pan-
demie“ (abbreviated IMPFLMU) was established at the beginning of the COVID-19 vacci-
nation campaign at the LMU University Hospital in Munich, Germany. The need for the 
project was based on the research and operational area of interest regarding the hospi-
tal’s employees’ intent to receive a COVID-19 vaccine and was further exacerbated by 
previously collected data at the LMU University Hospital through the All-Corona-Care 
study (ACC) in the second and third quarter of 2020 prior to the authorisation of any 
vaccine against COVID-19. ACC was designed as a cross-sectional seroprevalence 
study among the cohort of LMU University Hospital’s employees, where data were col-
lected through a blood sample for determining the SARS-CoV-2 antibodies prevalence 
and an epidemiological questionnaire exploring factors potentially associated with infec-
tion prevalence among the cohort (N=7,554). Beyond the immediate risk factors for 
SARS-CoV-2 exposure or infection, the questionnaire contained the inquiry on the will-
ingness to receive a preventive inoculation: “Would you get vaccinated against SARS-
CoV-2 if there was an efficient vaccination available with few side effects?” [1]. Among 
study participants tested positive for SARS-CoV-2 antibodies (n=166), 85 were willing to 
receive an inoculation against COVID-19 upon authorisation and recommendation, while 
further 49 participants were decided against a possibly forthcoming inoculation and 32 
reported being undecided [1]. These preliminary results as well as the impending com-
mencement of the vaccination campaign against COVID-19 in Germany, highlighted the 
question of prevalence of vaccine acceptance as well as the factors potentially influenc-
ing the decision-making process towards accepting, refusing or delaying a COVID-19 
inoculation. 

The project IMPFLMU provided the operational frame for this thesis by enabling a struc-
tured and systematic data collection. The doctoral candidate (A.Z.) and the first thesis 
supervisor (K.A.) are the principal investigators of the project. With direct support and 
supervision from K.A., A.Z. was responsible for constructing the project design, coordi-
nating the project team, obtaining all necessary statements of approval including by the 
Data Protection Officer of the LMU University Hospital and the ethics committee of the 
medical faculty at LMU Munich (Project number: 21-0123), as well as for managing the 
dissemination and communication of the surveys within the project. Further, A.Z. was 
responsible for conducting the needed literature searches, compiling evidence, outlining 
the research questions for the project, and designing the data collection tools (surveys) 
that provided the database for both publications which are part of this thesis. A.Z. col-
lected and integrated input from all cooperating project partners regarding the data col-
lection tools.  
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Additionally, and per request, A.Z. has presented the initial results of the project to the 
executive board of the LMU University Hospital in the form of a descriptive report and 
oral presentation in December 2021. The report consisted only of descriptive data, did 
not include any of the inferential analyses presented in the publications included to this 
thesis as it had the sole purpose of providing data on the timely topic of COVID-19 vac-
cination willingness among the hospital’s employees and their satisfaction with the vac-
cination centre. The report was provided solely to the members of the executive board 
and has not been submitted nor published anywhere. 

1.2 Contribution to paper I: COVID-19 Vaccination Intent, 
Barriers and Facilitators in Healthcare Workers: Insights 
from a Cross-Sectional Study on 2500 Employees at LMU 
University Hospital in Munich, Germany 

The doctoral candidate (A.Z.) is the first and corresponding author of this paper. A.Z. 
was responsible for conceptualising the project and data analysis plan for the manuscript 
with supervision from K.A. and consultations with S.K. That includes the design of the 
data collection tool (survey) as described above.  

A.Z. was responsible for planning and formulating the hypotheses to be tested. Preparing 
and executing the statistical analysis as well as interpreting the outcomes was shared 
as a task between A.Z. and S.K.  

Further, A.Z. was responsible for curating and visualising the data as well as for writing 
the original draft, collecting, and incorporating input from all co-authors. A.Z. coordinated 
the submission process of the manuscript including the integration of and the responses 
to the reviewers’ comments. All co-authors provided integral input at all stages of the 
manuscript preparation including the review and editing of the publication draft.  

1.3 Contribution to paper II: Are We Prepared for the Next 
Pandemic? Management, Systematic Evaluation and 
Lessons Learned from an In-Hospital COVID-19 
Vaccination Centre for Healthcare Workers 

The doctoral candidate (A.Z.) is the first and corresponding author of this paper. A.Z. 
was responsible for conceptualising the project and data analysis plan for the manuscript 
with supervision from K.A. and consultations with S.K. and S.H. That includes the design 
of the data collection tool (survey) as described above.  

A.Z. was responsible for planning and executing the statistical analysis as well as for 
interpreting the outcomes from the two surveys presented in this paper. All other data 
concerning the vaccination centre was collected and analysed by S.H. Further, A.Z. was 
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responsible for curating and visualising the data from the survey and supported the in-
terpretation and visualisation of the data from the program monitoring of the in-hospital 
vaccination centre. A.Z. wrote the original draft, collected, and incorporated input from 
all co-authors, where S.H. provided the text passages and data concerning to the vac-
cination centre and its operational management. 

A.Z. coordinated the submission process of the manuscript including the integration of 
and the responses to the reviewers’ comments. All co-authors provided integral input at 
all stages of the manuscript preparation including the review and editing of the publica-
tion draft.  
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2. Introduction

2.1 Background – Vaccine hesitancy as a public health 
challenge 

Among the wide variety of public health preventive measures against the spread of in-
fectious diseases, vaccines have thus far demonstrated to be a particularly effective and 
efficient method applicable in diverse contexts [2]. Evidence on this statement extends 
to the COVID-19 pandemic as well, as modelling data demonstrates that just within the 
first year of vaccine provision approximately 14.4 million deaths from COVID-19 had 
been prevented worldwide as a direct result of the unprecedented vaccine effort [3].   

The World Health Organization (WHO) had thus set a goal of achieving a global COVID-
19 vaccination rate of 70% by the middle of the year 2021 [4]. As this mark has been 
missed, an exhaustive analysis of the reasons behind this development could help facil-
itate the design of future vaccination efforts.  

Among the reasons for the suboptimal COVID-19 vaccination coverage present in soci-
etal discourses worldwide, inadequate vaccine uptake due to a lack of willingness for 
receiving an inoculation has been a particularly prominent factor [5-8]. This issue pre-
sents an eminent challenge in the general prevention of infection diseases, especially 
following the introduction of pharmacological interventions, and refers to the concept of 
vaccine hesitancy, defined as the “delay in acceptance or refusal of vaccines despite 
availability of vaccine services” [9,10]. Although the term emphasises a rather negative 
connotation of vaccine rejection, it is crucial to clarify and accentuate the intricacy, gra-
dation, and context-dependency of the concept [11]. 

The complexity of the topic is particularly reflected in the presence of vaccine-hesitant 
attitudes among healthcare workers (HCWs). This issue has been observed in the con-
text of established vaccines, i.e. the seasonal influenza vaccination, as well as in regard 
to newly approved vaccines, i.e. against pH1N1 during the pandemic of 2009 [12-21]. 
However, the interest in observed vaccine hesitancy among HCWs exceeds the concern 
regarding the vaccine coverage in the cohort as a fragment of the general population in 
several manners. Firstly, HCW’s vaccine-related decisions and the beliefs and opinions 
these are based on, may significantly affect their willingness to recommend the respec-
tive vaccine to other people and especially patients [22]. Furthermore, HCWs are con-
sidered to be among the most trusted sources of information on healthcare topics includ-
ing vaccinations, leading to their role as experts and gatekeepers both in bilateral ex-
changes, i.e. within the patient-provider relationship, as well as in the context of mass 
communication, e.g. when providing their professional opinion in a journalistic interview 
setting [23-28]. This additionally presents a challenge for the coherent framing of infor-
mation within the scope of vaccine uptake promoting campaigns [29]. Moreover, from a 
rather inward and pragmatic perspective, vaccine hesitancy among HCWs impedes the 
prevention of nosocomial exposure to infectious diseases among HCWs themselves, as 
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previously published data shows a correlation between lower or absent vaccine uptake 
(prior to the authorisation of any COVID-19 vaccine) and a higher incidence of nosocom-
ial COVID-19 outbreaks [30,31]. Considering all aspects of vaccine hesitancy in the con-
text of HCWs and the COVID-19 pandemic, the issue requires a comprehensive analy-
sis.  

An additional specific aspect is depicted by the complexity of pandemic measures imple-
mented on national, regional, local level as well as within the LMU University Hospital, 
as the full scope of these spreads across a wide spectrum of non-pharmaceutical 
measures (NPIs), e.g. mask mandates, regular testing, travel restrictions, as these may 
further affect the intent to vaccinate [32].   

This postulates the first research question of this thesis: what is the general attitude of 
HCWs towards COVID-19 vaccines and which factors affect the decision-making 
process towards accepting, refusing or being ambivalent towards receiving an in-
oculation? Additionally, recognizing the complexity of topic, we examine the atti-
tude towards NPIs following a COVID-19 vaccination and how the intent of receiv-
ing a vaccine may affect one’s position regarding other preventive measures. 

This topic of interest and especially the latter aspect of the first research question is 
further expanded and complemented by novelty of the COVID-19 prevention measures 
catalogue implemented at the LMU University Hospital and the significance of their eval-
uation [33]. This refers especially the assessment of the vaccination centre designed for 
the COVID-19 in-hospital vaccination campaign as it presented a unique approach for 
the LMU University hospital and a sharp diversion from the established practices at the 
hospital. Thus, the second aspect of this thesis refers to the research question on the 
evaluation of the in-hospital vaccination center implemented at the LMU University Hos-
pital: how did the employees vaccinated at the in-hospital center describe their 
vaccination experience and their satisfaction with the process and the center? 
Which factors may affect the satisfaction with the COVID-19 vaccination and vac-
cination process? Further, we examine how the staff members of the center per-
ceived the work setting as well as the organization of the whole vaccination pro-
cess.  

The research questions of this thesis were presented in two papers in peer-reviewed 
journals. In the following chapters, the topic will be expanded beyond the presentation of 
the results published in the two papers by offering a broader context to the outcomes of 
the research articles and their potential expansion across interdisciplinary theoretical and 
empirical contexts. Additionally, this thesis will outline evidence-informed recommenda-
tions for the design of vaccination campaigns in similar settings derived from the out-
comes of the published analyses and their integration into analytical and practical dis-
courses.  
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2.2 Methods 
Data collection 

Data was collected within the frames and of the project IMPFLMU described above. 
Online-based cross-sectional anonymous surveys were the preferred choice of data col-
lection method in order to allow for a high comparability of the results with previously 
published studies on the same and similar research topics conducted in analogous pop-
ulations and settings [1,34-40].  

Overall, we conducted three surveys. Survey 1 aimed to assess the willingness to 
receive a COVID-19 vaccination. As the motivation for vaccination and health behav-
iour uptake can be framed by personal as well as environmental factors, this survey 
attempted to identify the relevant associated factors and possibly create an explanatory 
framework of how these affect the decision-making process in terms of COVID-19 vac-
cination. Further, this survey aimed to determine the information and communication 
needs of HCWs in order to, subsequently, outline practical recommendations for the de-
sign of vaccination promotion campaigns in similar settings.  

Surveys 2 and 3 aimed at evaluating the vaccination process at LMU University 
Hospital. Survey 2 attempted to gather data on the satisfaction of HCWs that have been 
vaccinated at the in-hospital centre with the vaccination process (henceforth called “vac-
cinees”). Beyond surveying the satisfaction with the vaccination process including organ-
isation, information on vaccination and safety, this survey further collected data on the 
observed self-reported adverse effects following immunization (AEFIs). Lastly, Survey 3 
explored the satisfaction of the vaccination center staff with the organization of the center 
including workload.  

All surveys were conducted using between February 25 and June 30, 2021 LimeSurvey 
Version 4.4.12+210308 (Survey 1 time frame: February 25 – March 20, 2021; Surveys 2 
and 3 time frame: April 14 – June 30, 2021).   

Population and definition of HCWs 

All surveys were conducted at the LMU University Hospital (N=11,070) [41]. The LMU 
University Hospital is a maximum care facility fulfilling a triple mandate, where the oper-
ational domains of patient care, research and teaching are closely intertwined [41]. Due 
to the broad spectrum of functions and responsibilities of the facility, for the purpose of 
the IMPFLMU project as well as for this dissertation, HCWs are defined as “all persons 
employed by a healthcare facility and providing care or services enabling the functioning 
of the health facility and the fulfilment of its mandate”. 

This definition goes beyond the concept of “health professionals” as defined by the In-
ternational Labour Organisation due to the following arguments [42]: firstly, the vaccina-
tion campaign evaluated with the presented project was aimed (in its full extent) to all 
persons employed directly or indirectly, with or without pay (e.g. interns) or volunteering 
at the LMU University Hospital; moreover, all persons working at the facilities of a hospi-
tal have an overall higher exposure to COVID-19 compared to the general population 
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[30]; further, all persons working at the LMU University Hospital contribute to the func-
tioning of the whole facility and enable the fulfilment of its mandate in healthcare provi-
sion, teaching and research; lastly, all persons working at the LMU University hospital 
were covered by the later adopted COVID-19 vaccination mandate for healthcare work-
ers in Germany [43].  

The broad formulation of the cohort definition serves as an advantage of this examination 
as it encompasses the full spectrum of employees at a university hospital and yet, may 
be considered a limitation as most of the literature on the topic only focuses on persons 
executing a health profession, similar to the definition of the International Labour Organ-
isation.  

Theoretical framework 

The methods of this project as well as of both publications are laid upon a broad theo-
retical basis. For the design of surveys 1 and 2, the Health Belief Model (HBM) was 
applied as a guiding framework in order to account for wide range of contextual factors 
potentially associated with the decision-making process resulting in the uptake, refusal 
or indecisiveness regarding a health promoting measure in general [44,45]. HBM is 
among the most widely used concepts in the examination of individuals’ behaviour and 
attitudes towards health prevention and promotion activities [46,47].  

Additionally, questions from the survey tool developed by the WHO SAGE Working 
Group in Vaccine Hesitancy were incorporated in the surveys 1 and 2 as to collect data 
on vaccine-specific issues, which may affect the intent for receiving a COVID-19 vaccine 
specifically [48]. Lastly, the design of surveys 1 and 2 was completed by elements spe-
cific to the evaluation needs of the LMU University Hospital. The design of survey 3 was 
solely based on the evaluation needs of the LMU University Hospital and the manage-
ment of the vaccination centre.  

This combination of established theoretical foundations and needs-based aspects al-
lowed for the questionnaires to be developed as holistic tools for exhaustive yet targeted 
data collection.  

2.3 Paper I – Factors associated with the COVID-19 
vaccination intent and status among HCWs 

Several studies have explored the intent of HCWs to get vaccinated against COVID-19 
prior to the authorisation or distribution of any of the currently available vaccines. With 
the rate of willingness to vaccinate extending along of the range of 27% to 76%, the 
available data were indicating significant levels of uncertainty both among the studied 
cohorts as well as in regard to the validity of data, especially considering the aim to report 
data on the willingness to receive an yet unknown immunisation at the time of data col-
lection [35-40,49-51]. Beyond the motivation for further exploration of the issue of vac-
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cination intent indicated from the results of the ACC study, the research questions ex-
plored in the first publication of this thesis were largely based on the interest in identifying 
the exact factors influencing the decision regarding a COVID-19 vaccine.  

In accordance with other studies among HCWs conducted prior to any COVID-19 vac-
cine authorisation, the results presented in the first publication showcase a shift in vac-
cine attitudes towards higher acceptance and uptake [1,8,51-54]. The survey results an-
alysed in this part of the project provided insights into the two individual groups of the 
cohort that were undecided or strictly reluctant towards receiving a COVID-19 vaccina-
tion. As presented in the publication in detail, several factors were observed to be asso-
ciated with the respective decision on intending, refusing or being undecided towards a 
COVID-19 vaccine. The data highlighted the significant associations between HBM con-
structs and the willingness for receiving a COVID-19 inoculation with perceived benefits 
and barriers presenting particularly strong results, while comparatively low or unchanged 
over the time perceived susceptibility and severity regarding COVID-19 were also asso-
ciated with a tendency towards refusing or being undecided on receiving an inoculation 
[38,40,55-58]. Furthermore, the results support previously published evidence on the as-
sociation between not having received an influenza vaccine in the previous influenza 
vaccination campaign with indecisiveness or refusal of a COVID-19 vaccine, while an 
association between a general attitude towards vaccines and any of the available 
COVID-19 vaccines remains currently unexplored within the frameworks of the meas-
urement tools utilised here [49,50,55,59-61]. It should be noted, that in order to provide 
a deeper understanding of the factors influencing the decision-making process in terms 
of COVID-19 vaccination, the analyses were executed using the individual items of the 
HBM constructs as well utilising individual aspects of the WHO SAGE survey tool. This 
was of particular interest with reference to potential extrinsic measures that could be or 
could have been adopted in order to facilitate vaccination uptake, such as dissemination 
activities by the employer (in this case, the LMU University Hospital). Thus, in the context 
of this publication and this thesis there is a particular aim to identify potential areas for 
targeted impact, specifically in terms of communication.  

Hence, the communication and information aspects of this first publication present a dis-
tinct focus of analysis and discussion in the form of the explored cues to action. Several 
essential outcomes call for a particular deliberation as these provide the outline for the 
best practice recommendations compiled later on in this thesis. 

Media and information consumption 

The observed association between COVID-19 vaccine refusal and not consuming infor-
mation provided through public channels or by official stakeholders (e.g. health authori-
ties) contribute data to the reported high frequency of mistrust towards the respective 
actors and channels [55]. As trust, or the lack thereof, in official health authorities as well 
as the consumption of mass communication (“traditional”) media are positively linked to, 
respectively, vaccine acceptance or hesitancy, this aspect of the reported results calls 
for a recommendation towards quantifying and optimising the trust of HCWs towards 
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vaccine information providers [16,62-67]. This recommendation would consider as out-
come not only the vaccination rates among HCWs themselves but would also have a 
noticeable effect on vaccination uptake in the general population, as HCWs’ trust in offi-
cial sources significantly affects their willingness and frequency of recommending the 
respective vaccines to patients [63]. 

Considering the topic on a rather institutional level or within the frames of a single organ-
isation, our results reflect the findings published from similar studies in regard to the 
attitudes of one’s peers and colleagues actively influencing one’s decision-making pro-
cess [55]. This refers both to personal contacts within the private circle as well as pro-
fessional contacts on the same or on different organisational levels [56]. 

It should, however, be noted that the data collection for both papers preceded the adop-
tions of the COVID-19 vaccination mandate in healthcare facilities in Germany. This is 
particularly relevant to the analysis of factors associated with the willingness to receive 
a vaccine and serves both as a limitation as well as an advantage of this publication: 
where a mandate could potentially increase the acceptance and uptake of a vaccine [52-
54,68-72], evidence suggest that a HCWs income, their occupational group or their own 
intent to get vaccinated may influence their recognition of a vaccination mandate as a 
useful public health measure [34,73,74]. Vice versa, a vaccination mandate may also 
impede the willingness to vaccinate [37,58,74,75].  

However, the timing of data collection provided the opportunity to discriminate between 
already and not yet vaccinated participants with an intent to do so. Thus, we examined 
possible associations between a positive vaccination status and factors that might be 
linked to it. Notably, we observed a positive association between having already received 
at least one COVID-19 vaccination and approving the extension of the validity of non-
pharmaceutical interventions (NPIs) at the workplace [55]. This result provides an em-
pirical indication for the potential mutual association between one’s attitude towards 
pharmaceutical and non-pharmaceutical measures, hence underlining the complexity of 
the vaccination decision-making processes in individuals and the scope of the topic sur-
passing the limits of a single and uniform decision for or against an inoculation.  

2.4 Paper II – Evaluation of the vaccination experience and 
associated factors 

The theoretically and empirically observed association between past vaccination experi-
ences and a willingness to vaccinate in the future posed the research question aiming to 
explore the perception of HCWs of their COVID-19 vaccination experience [48]. This led 
to the evaluation of the in-hospital vaccination centre at the LMU University Hospital with 
a particular focus on the satisfaction of HCWs that have received at least one vaccination 
in the centre (hereafter referred to as ‘vaccinees’). Specifically, we observed that vac-
cinees that perceived the centre as comparably less accessible (geographically and 
time-wise) as well as those who reported an increased frequency of AEFIs compared to 
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others, were less satisfied with their vaccination experience than vaccinees with com-
paratively fewer self-reported AEFIs and accessibility issues [76]. Particularly this result 
serves to accentuate the conjunction between the individual aims of this project, respec-
tively the individual research questions of the two published articles, to an emphasised 
common theme extending beyond the scope of the analyses presented here: namely, 
the interplay between vaccination intent and the satisfaction with a vaccination experi-
ence.  

Experiencing AEFIs following a COVID-19 vaccination has been positively associated 
with a reduced intent for receiving additional vaccinations, i.e. booster or annual vac-
cines, among HCWs [53,77,78]. As stated above, a HCWs own intention or willingness 
to vaccinate may significantly, directly or indirectly, affect the respective vaccination cov-
erage in the general population [23-28]. One specific limitation of the analyses presented 
in this part of the project refers to the lacking data collection in terms of future willingness 
for receiving a follow-up COVID-19 vaccination. However, during the period of survey 
question design and compilation (December 2020-February 2021), there were no regu-
lations nor recommendations for inoculation beyond the basic immunisation.  

Another distinct issue of the results presented in this second publication refers to the 
possibility of reported AEFIs and especially their intensity to have been potentially af-
fected by other persons reporting AEFIs, including reports in mass and social media but 
also personal observations or reports of persons experiencing AEFIs. This effect, based 
on the concept of agenda setting and the often intertwined with it concept of priming, 
ascribes to the notion that people’s attitudes are directly affected by accessible and sa-
liently presented information [79]. As similar observations have also been made in the 
context of COVID-19 information but also more specifically regarding COVID-19 vac-
cines, a certain degree of influence and bias in the individual’s perception of AEFIs can-
not be excluded [79-82]. Considering the theoretical perspective of this interpretation, as 
agenda setting and priming are memory-based models of information processing, any 
effects observed in this aspect do theoretically fall into the category of Historical influ-
ences (under “Contextual influences”) identified by the SAGE Working Group on Vaccine 
Hesitancy as a relevant associated factor [48,79]. This analytical link again highlights the 
likelihood of the negative association between one’s satisfaction with the vaccination 
process at LMU University Hospital as well as one’s reports of AEFIs and their future 
willingness to receive another COVID-19 vaccine. A comparable link has been observed 
in a recent study showcasing AEFIs experience being associated with a decreased intent 
to receive regular COVID-19 booster inoculations in the future [78]. Indeed, in the partic-
ular case of HCWs working with patients, this effect has been observed in an extended 
context where observing AEFIs in patients was reported to have increased the likelihood 
of vaccine hesitancy in oneself and is supported by evidence for increased pain percep-
tion following noxious verbal or non-verbal priming [83-86]. As this aspect of AEFIs per-
ception was not explored in the project described here but addresses a potentially rele-
vant factor in the perception of AEFIs by HCWs and their subsequent decision-making 
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process in terms of future inoculations, this research questions represents a valuable 
area for prospective analyses.  

Observed prospectively and from the perspective of technological and communication-
based recommendations, Gianfredi et al. present theoretical and empirical data for the 
advantages of systematic monitoring and report of AEFIs for the trust-building process 
in the respective vaccine but also in the corresponding health authorities [87]. The spe-
cific implications of this evidence are outlined in chapter 2.3.1 under the subchapter “2. 
Capacity building for addressing vaccine hesitancy”.  

Completing the investigation of the vaccination centre and process at LMU University 
Hospital and observing the context in which the vaccinees had made their experience, a 
short survey presented insights into the perceptions of the centre’s staff of the overall 
organisation. While the staff reported high levels of satisfaction, the perceived workload 
at the centre was neither lower nor higher than the workload at the staff’s regular posi-
tions [76].  

2.5 General limitations of this project 
There are several limitations to this project that need to be taken into consideration when 
interpreting the results and their potential impact.  

In terms of design, this project only explored the effects of individual elements of the 
HBM constructs on COVID-19 vaccination intent but did not explore the sets of items as 
a whole. This, however, provides a deeper insight into the single aspects of the HBM 
constructs and how these affect the vaccination decision directly. Further, the project did 
not explore any potential association or modifying effects in-between the items or the 
single HBM constructs. This was mainly due to the theoretical and empirical incon-
sistency in terms of the associations in-between the constructs [45,88,89].  

A further note on the design of the project concerns the lack of a segment of sociodem-
ographic factors that would have been expected to provide a more detailed insight into 
the cohort. This regards the question of national, cultural, religious, and ethnic back-
ground as these factors are reported to be of significant relevance towards vaccination 
intention among the general population and HCWs [60,67,72,90-94]. No questions on 
the ethnical or national background of survey participants were asked in order to prevent 
any potential identification of the individual participants. This was a particular privacy 
concern as the project was supported by the employer of the targeted cohort. The same 
consideration applies to the questions of political orientation, political beliefs, and their 
potential effect on vaccination intent [72,90,95-97]. 

An additional consideration in terms of the timing of data collection concerns the availa-
bility of vaccines. The period of data collection for the first publication falls within the time 
period in which COVID-19 vaccine scarcity had being gradually decreasing, however still 
affecting the vaccination coverage, especially through the mechanism of vaccination pri-
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oritisation of high-risk groups including HCWs [98]. As vaccine scarcity may affect vac-
cine acceptance, a certain modifying factor of COVID-19 vaccination availability and, 
especially, the vaccination prioritisation cannot be excluded [68,99].  

In terms of reporting on the methods, although we examined the modifying effects of 
sociodemographic factors on the primary outcomes, the models including those as vari-
ables showed slightly limited model fits compared to the models excluding those, thus 
were not included in the main body of the publications but rather in their supplements. A 
specific report focused on the adjusted models rather than on the unadjusted models 
would have provided the identic outcomes, however with marginally different effect sizes. 

2.6 Contribution of this thesis - Lessons learned, 
recommendations and best practices 

Although the immediate impacts of the COVID-19 pandemic have been recently scaling 
down and the COVID-19 public health emergency of international concern has been de-
clared ended, the issues that it accentuated and created in terms of vaccine acceptance 
and coverage remain a topic of concern on a global scale. COVID-19 vaccination uptake 
remains a critical topic for several reasons [100]. Firstly, following the mass introduction 
of vaccines, the incidence and prevalence of SARS-CoV-2 infections has been primarily 
driven by unvaccinated or not fully vaccinated persons [30,31,101,102]. Furthermore, 
SARS-CoV-2 antibodies have been shown to wane after approximately several months 
following the latest vaccination with age being a significant factor in antibody level de-
crease [103-105]. Additionally, persons of older age or with certain chronic diseases are 
considered to be more vulnerable towards becoming ill, developing severe symptoms 
following a SARS-CoV-2 infection and eventually requiring hospitalisation due to their 
higher risk of lower seroconversion and seroprotective rates compared to healthy indi-
viduals [106-109]. This factor highlights the necessity for additional COVID-19 vaccina-
tion over a regular period of time, i.e. booster shots. The latter aspect is further exacer-
bated by the relaxation or complete removal of NPIs, which consequently eliminates a 
critical set of prevention measures that had previously proven highly effective in averting 
or reducing the spread of SARS-CoV-2 [110-113]. A further aspect refers to the emer-
gence of new variants as well as a hypothesized but not yet established seasonality of 
SARS-CoV-2 circulation [109,113,114]. Lastly, the outcomes of COVID-19-specific re-
search, such as the analyses presented here, may be applicable to a broader set of 
research questions beyond the scope of the COVID-19 pandemic, as it will be discussed 
further in this chapter. 

2.6.1 Contributions to occupational health promotion and management 

The outcomes of this project serve as reference points for the design and layout of future 
large-scale vaccination campaigns in similar settings, i.e. hospitals. Similar to previously 
published research, this thesis highlights the need for a holistic approach to the topic 
rather than the implementation of single measures [13]. Specifically, the implications of 
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the outcomes presented within this thesis can be classified under the three categories of 
recommendations issued by the SAGE Working Group on Vaccine Hesitancy [115]. 
These are presented below.  

1. Facilitating the understanding and disseminating of vaccine hesitancy

While HCWs represent only a very specific fraction of the general population, their emi-
nent significance as experts and gatekeepers compels to exploring the specific reasons 
for vaccine hesitancy and reluctance among the subgroups. The individually analysed 
items of HBM constructs provide a deep understanding of the factors influencing the 
decision-making process, where the perceived benefits and barriers showed very strong 
associations [55]. Considering especially the strong association for concern regarding 
effectiveness and adverse events, the results presented here contribute to the growing 
body of literature observing that these concerns are equally present both in the general 
population as well as among highly specialised subgroups such as HCWs [16-19,52-
54,56,78,116-119].  

2. Capacity building for addressing vaccine hesitancy

Following the advanced understanding of the vaccination attitudes among HCWs, tar-
geted communication strategies are urgently recommended. This is particularly relevant 
against the background of trust or lack thereof in health authorities and HCWs serving 
as information gatekeepers with significant potential for affecting the vaccination uptake 
among the general population [22-28,90,120].  

Our results regarding the cues to action and especially on the communication needs and 
media usage of HCWs align with the evidence for the benefits of and, consequently, 
recommendations for the implementation of interpersonal communication measures 
when addressing vaccine hesitancy in a clinical setting [56,73,121]. Particularly the fos-
tering of vaccine-related and vaccine-specific exchange on an individual or even team 
level can help enable valuable feedback loops that can serve as a tool within the frames 
of the concept of “social listening” – an infodemic management concept describing ac-
tivities aimed to diagnose and understand concerns regarding vaccines and, subse-
quently, derive recommendations for measures targeting the identified issues [122-124]. 
Beyond identifying immediate concerns and topics in need to be addressed, social lis-
tening may significantly contribute to diagnosing gaps in an individual’s or team’s health 
and vaccine literacy that may also subsequently be managed through interpersonal and 
peer communication, as our results have highlighted its potential effect on one’s vaccine 
decision [125]. This refers especially to nonmedical professionals working in the multi-
level interdisciplinary compound of a university hospital [126]. 

In terms of communication methods that may be applied in this context, tools developed 
for applications of the inoculation theory, such as prebunking (pre-exposure correction 
of potential mis- or disinformation) and debunking (post-exposure correction of mis- or 
disinformation), are particularly adaptable to both belief-consistent and memory-based 
information processing [127-130]. Communication measures in this context and with the 
respective tools may significantly affect, respectively, one’s belief-based foundation of 
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vaccine refusal or indecisiveness (as in the HBM-based discourse) as well as their 
memory-based information processing as discussed above in the framework of agenda-
setting and priming.  

3. Sharing best practices

Our outcomes provide a reference for future research and for the compilation of specific 
recommendations for the design of vaccination campaigns and the layout of large-scale 
vaccination centres in a hospital setting. By publishing the outcomes of this project, we 
are providing primary points for discussion and further research. In particular, the findings 
on the targeted need of communication, the organisation of the vaccination experience 
and particularly the occurrence and perception of AEFIs all present factors that may sig-
nificantly affect the future intent of receiving COVID-19 vaccines even among population 
groups with generally high vaccine acceptance, such as HCWs. 

The contributions of this thesis presented in this chapter additionally reflect the implica-
tions on the public health policies for COVID-19 vaccination roll-out campaigns by the 
European Centre for Disease Prevention and Control (ECDC) as they specifically ad-
dress the determinants and factors of vaccine uptake and provide guidance for the de-
sign of targeted messaging especially among the high-priority group of HCWs [131]. 

2.6.2 Contributions to theoretical research 

The project presented in this thesis may serve as reference to the theoretical constructs 
it is based on. Considering the specific to vaccine hesitancy approach of the SAGE Work-
ing Group and the survey tool that helped inform the questionnaires for this project, the 
results presented here emphasise the relevance of contextual factors and especially in-
dividuals’ historical references [48]. The second publication of this project underlines 
several aspects of the SAGE questionnaire and especially the association between neg-
ative experiences resulting from an inoculation (i.e. AEFIs) and one’s overall perception 
of the vaccination process. Considering that previous experiences may influence one’s 
willingness to vaccinate in the future, this result can be interpreted as a call to action for 
improving, where possible, the overall experiences of vaccinees before, during and after 
the respective inoculation. This potential new research question can also be considered 
as to have been implied by the observed positive association between a generally ap-
proving attitude of vaccines and the intention to receive a COVID-19 inoculation [55]. 
This particular topic may pose a compelling issue in the discourse of the principle of 
aggregation and situational specificity of human behaviour discussed in the Theory of 
Planned Behaviour [132,133]. In this regard, bringing both articles and aspects of this 
project together as well as per the results of a recent comparable study from Israel, a 
new possible question for future research emerges in the exploring the complex associ-
ation between vaccination intent prior to inoculation and the intent to receive a follow-up 
or regular booster vaccination with AEFIs experience serving as a modifying or con-
founding variable [78]. 
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Observing the topic beyond the focus of vaccines and regarding the general implications 
for willingness to engage in preventive and health promotion behaviours, the HBM pro-
vided a fundament for exploring potential non-vaccination associated factors. The HBM 
is considered as a valuable theoretical framework for the design of health promotion 
communication campaigns [134]. The first publication of this thesis contributes to the 
growing body of empirical evidence where HBM is applied to operationalise and system-
atically collect data on vaccine hesitancy regarding and beyond COVID-19.  

A recent systematic review exploring the appropriateness of HBM constructs in predict-
ing primary and follow-up COVID-19 vaccination intent, which included the first publica-
tion of this project as well, observes significant associations between the individual con-
structs and one’s intention to receive an inoculation [135]. Particularly, the results of the 
meta-analysis underscore the findings of this project in terms of the convincing associa-
tion between vaccination intent and the HBM constructs of perceived benefits, barriers, 
and cues to action [135]. Although the results may fluctuate in-between countries and 
due to a variety of sociodemographic factors, HBM convinces as a suitable framework 
for exploring factors affecting the outcomes of a vaccine-related decision-making out-
come. Surpassing the theoretical and empirical evidence of HBM and allowing for a short 
interdisciplinary theoretical excurse, the growing TPB-based evidence for the direct pre-
dictability of COVID-19 vaccination intent through the personal attitude towards vaccina-
tion as well as the recently proposed parsimony framework in bias research further ac-
centuate the approach of belief-consistent information processing towards explaining the 
adoption of health promoting measures [90,136,137]. 

Nonetheless, the interpretation and potential impact of COVID-19 research results, such 
as those presented here, do not necessarily need to be confined to the context of COVID-
19 itself or related infectious or other emergencies of international concern. As Hook and 
Wilsdon establish, the global surge of publications along the multifaceted spectrum of 
the COVID-19 pandemic appears to have rather strengthened and highlighted already 
pre-existing research and knowledge structures and networks, instead of creating fun-
damentally novel aspects and components in the scientific landscape [112]. Thus, the 
applicability and generalisability of COVID-19 research results could and should be ob-
served beyond the idiosyncrasy and topical constraint of this pandemic, as the results 
presented in this thesis also display considerable significant historical and interdiscipli-
nary references to social and communication sciences.    
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3. Summary
The presented analyses within the frames of this thesis provide detailed evidence into 
the arguments and background of the decision-making process of HCWs towards ac-
cepting, refusing or delaying a COVID-19 vaccine. While the perceived benefits of re-
ceiving an inoculation as well as the as low perceived barriers to the measure were pos-
itively associated with vaccination intent, comparatively lower perception of COVID-19 
susceptibility and severity were linked to undecidedness or negation of a vaccine. Spe-
cifically, the analyses on the cues to action demonstrated how a feeling of being ill-in-
formed on the topic of COVID-19 vaccines and their safety was associated with refusing 
or being undecided on an inoculation, where this perception was directly linked to low 
information consumption from official sources and low levels of interaction with other 
HCWs, while the targeted consumption of vaccine-specific information facilitated vaccine 
uptake. Beyond the immediate scope of COVID-19, factors positively linked to vaccina-
tion intent where a generally approving attitude towards vaccines as well as having been 
vaccinated against influenza in the past season. The observation of the association be-
tween the acceptance of pharmaceutical and non-pharmaceutical measures revealed 
that COVID-19 vaccine acceptance is associated with an approving attitude towards non-
pharmaceutical interventions. These results provide detailed evidence for the reasoning, 
attitude, and behaviour towards a COVID-19 vaccine as a preventive measure. 

Considering the memory-based information processing in vaccine-related decision-mak-
ing and its potential impact on future COVID-19 or non-COVID-19-related inoculations, 
the further analyses presented here demonstrate a positive association between per-
ceived inaccessibility of the vaccination centre, self-reported AEFIs and comparatively 
lower satisfaction with the process. Taken together, these outcomes outline a strategic 
framework for empirical recommendations on the occupational health promotion in 
health facilities with a focus on targeted communication using tools and measures from 
the field of infodemic management. Furthermore, the observed associations pose a the-
oretical and empirical inquiry into the interrelated juxtaposition between self-reported un-
satisfactory vaccine-related experiences and future vaccine-related decision-making 
processes, where this research question may also be examined beyond the immediate 
context of the COVID-19 pandemic.  
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4. Zusammenfassung
Die im Rahmen dieser Arbeit vorgestellten Analysen liefern detaillierte Erkenntnisse über 
die Argumente und Hintergründe des Entscheidungsprozesses von Angestellten im Ge-
sundheitswesen zur Annahme, Ablehnung oder Verzögerung einer COVID-19-Impfung. 
Während des wahrgenommenen Nutzens einer Impfung sowie die als gering wahrge-
nommenen Barrieren der Maßnahme positiv mit der Impfabsicht assoziiert waren, stand 
eine vergleichsweise geringere Wahrnehmung der COVID-19-Anfälligkeit und des 
Schweregrades in Zusammenhang mit der Unentschlossenheit oder Ablehnung einer 
Impfung. Insbesondere die Analysen zu den Handlungsaufforderungen zeigten, dass 
das Gefühl, schlecht über COVID-19-Impfstoffe und deren Sicherheit informiert zu sein, 
mit der Ablehnung oder Unentschlossenheit gegenüber einer Impfung verbunden war, 
wobei diese Wahrnehmung direkt mit einem geringen Informationskonsum aus offiziellen 
Quellen und einem geringen Maß an Interaktion mit anderen medizinischen Fachkräften 
zusammenhing, während der gezielte Konsum von impfstoffspezifischen Informationen 
die Impfstoffaufnahme förderte. Außerhalb des unmittelbaren Anwendungsbereichs von 
COVID-19 standen Faktoren wie eine allgemein zustimmende Haltung gegenüber Impf-
stoffen sowie die Tatsache, in der vergangenen Saison gegen Influenza geimpft worden 
zu sein, in einem positiven Zusammenhang mit der Impfabsicht. Die Beobachtung des 
Zusammenhangs zwischen der Akzeptanz pharmazeutischer und nicht-pharmazeuti-
scher Maßnahmen ergab, dass die Akzeptanz von COVID-19-Impfstoffen mit einer zu-
stimmenden Haltung gegenüber nicht-pharmazeutischen Interventionen verbunden ist. 
Diese Ergebnisse liefern detaillierte Belege für die Argumentation, die Einstellung und 
das Verhalten gegenüber einer COVID-19-Inokulation als Präventionsmaßnahme. 

In Anbetracht der gedächtnisbasierten Informationsverarbeitung bei impfbezogenen Ent-
scheidungen und ihrer potenziellen Auswirkungen auf künftige COVID-19- oder nicht-
COVID-19-bezogene Impfungen zeigen die hier vorgestellten weiteren Analysen einen 
positiven Zusammenhang zwischen der wahrgenommenen Unerreichbarkeit des Impf-
zentrums, selbstberichteten Nebenwirkungen und einer vergleichsweise geringeren Zu-
friedenheit mit dem Impfprozess.  

Zusammengenommen skizzieren diese Ergebnisse einen strategischen Rahmen für em-
pirische Empfehlungen zur betrieblichen Gesundheitsförderung in Gesundheitseinrich-
tungen mit dem Fokus auf gezielte Kommunikation unter Verwendung von Instrumenten 
und Maßnahmen aus dem Bereich des Infodemie-Managements. Darüber hinaus stellen 
die beobachteten Assoziationen eine theoretische und empirische Untersuchung des 
Zusammenhangs zwischen selbstberichteten unbefriedigenden Impferfahrungen und –
nebenwirkungen und zukünftigen impfbezogenen Entscheidungsprozessen dar, wobei 
diese Forschungsfrage auch über den unmittelbaren Kontext der COVID-19-Pandemie 
hinaus untersucht werden kann. 
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Abstract: Considering the role of healthcare workers (HCW) in promoting vaccine uptake and pre-

viously recorded hesitancy among HCW, we aim to examine the COVID-19 vaccination intent and

status of HCW through a cross-sectional anonymous online survey at LMU University Hospital in

Munich. Data collection was informed by the Health Belief Model (HBM) and focused on vaccination

intent, status and on potential factors affecting the decision-making process. In total, 2555 employees

completed the questionnaire. Our data showed that an approving attitude towards recommended

vaccines and having received an influenza vaccine in the previous winter were strongly associated

with COVID-19 vaccination intent. Further, a positive COVID-19 vaccination status was associated

with a higher likelihood of approving the extension of the validity of non-pharmaceutical interven-

tions at the workplace. Our HBM-analysis demonstrated strong associations between the perceived

benefits and barriers and COVID-19 vaccination intent. Unchanged or low perceived susceptibility

and severity were associated with refusal or indecisiveness. Our findings highlight the factors asso-

ciated with the decision regarding a COVID-19 vaccine and indicate a pattern-like behavior in the

acceptance of novel vaccines by HCW. These insights can help inform the communication aims of

vaccination campaigns among HCW within similar organizational contexts or in future outbreaks.

Keywords: COVID-19; vaccination; vaccination hesitancy; healthcare workers; health belief model;

vaccination; non-pharmaceutical interventions

1. Introduction

One of the top priorities in the World Health Organization’s strategic pandemic
management has been defined as achieving a global COVID-19 vaccination coverage by the
middle of 2022 [1]. In order to achieve this milestone, healthcare workers (HCW) take on a

Vaccines 2022, 10, 1231. https://doi.org/10.3390/vaccines10081231 https://www.mdpi.com/journal/vaccines

https://doi.org/10.3390/vaccines10081231
https://doi.org/10.3390/vaccines10081231
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/vaccines
https://www.mdpi.com
https://orcid.org/0000-0002-8085-5003
https://orcid.org/0000-0002-0133-4104
https://orcid.org/0000-0001-7492-7907
https://doi.org/10.3390/vaccines10081231
https://www.mdpi.com/journal/vaccines
https://www.mdpi.com/article/10.3390/vaccines10081231?type=check_update&version=2


Vaccines 2022, 10, 1231 2 of 21

particularly important role due to their high risk of contracting and spreading an infectious
disease in a nosocomial context as well as due to their essential function in healthcare
services provision [2]. Furthermore, HCW are considered to be gatekeepers and trusted
sources of information regarding vaccination among their patients as well as the general
population [3,4]. However, diverging attitudes and intentions regarding immunizations
can be observed among HCW, as well [4,5].

During the 2009/2010 pandemic influenza (pH1N1) outbreak, unexpectedly low levels
of pH1N1 vaccination were reported among HCW worldwide [6]. Although the spread
of SARS-CoV-2 presents a different pandemic context, fluctuations in the intent of HCW
to receive a COVID-19 vaccine can be observed. The “All Corona Care” study conducted
in 2020 (May to July) at LMU University hospital, one of the largest in Germany, asked
participants prior to the authorization of any COVID-19 vaccine if they would be willing
to get vaccinated if there were an efficient vaccine available with few side effects. Out of
7554 participants in the study, 58.2% were willing to get vaccinated [7]. Still, it remained
to be explored if and how the vaccination intent in this HCW cohort would shift after the
authorization of the first COVID-19 vaccines as well as which factors and aspects drive the
decision-making process towards accepting, delaying or refusing a vaccination.

This study aims to examine the COVID-19 vaccination intent and vaccination status of
HCW at one of the largest hospitals in Germany and to identify factors associated with the
COVID-19 vaccination intent and vaccination status. The methodological framework of this
study rests upon the Health Belief Model (HBM) as one of the most established theoretical
concepts in health behaviour research and a preferred concept in the examination of the
individuals’ acceptance and attitudes towards health promoting and disease preventing
behaviours and measures [8,9]. The methods are further informed by the measurement rec-
ommendations of the SAGE Working Group on Vaccine Hesitancy in regard to vaccination
intent [10,11].

Specifically, in this report, we aim to provide evidence on the topic by examining the
following sets of hypotheses:

1. General attitude towards vaccines and COVID-19 vaccines;
2. Attitude towards other non-pharmaceutical interventions (NPIs) following a COVID-19

vaccination;
3. Factors associated with the intent to vaccinate (informed by the HBM).

2. Materials and Methods

We conducted a cross-sectional anonymous online survey targeted at all employees
of LMU University Hospital in Munich between 25 February and 20 March 2021 to gather
data regarding the intent to receive the COVID-19 vaccine as well as the factors associ-
ated with the decision. LimeSurvey Version 4.4.12+210308 was used for the design of
the questionnaire.

The survey was conducted as part of a prospective study to evaluate the vaccina-
tion process at the LMU University Hospital in the course of the COVID-19 pandemic
(IMPFLMU). The study was reviewed and approved by the ethics committee of the medical
faculty at LMU Munich, Germany (Project number: 21-0123).

With 11,070 employees and 101 departments, the LMU University Hospital is the
second largest university hospital in Germany [12]. The vaccination campaign against
COVID-19 began in 27 December 2020 and proceeded until 17 July 2021, thus being among
the first hospitals in Germany that set up a vaccination centre and a large-scale vaccination
campaign for their employees [13]. At the point of the launch of the survey, approx. one
third of the hospital’s employees had received at least one vaccine dose. The vaccination
campaign was set up with several consecutive prioritisation phases, where hospital per-
sonnel with the highest COVID-19 infection risk were the first to receive a vaccination
appointment (e.g., personnel of the emergency department, COVID-19 departments). Due
to ministerial distribution algorithms, the LMU University hospital vaccination centre
exclusively used the vaccine “Comirnaty” (BNT162b2) during this vaccination campaign,
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however, employees were not deterred from attending an appointment at a different vac-
cination centre (e.g., communal centres). Hospital employees vaccinated at a different
vaccination centre were also able to participate in the survey. For the purposes of this
study, we define vaccine hesitancy as a delay in acceptance or refusal of vaccines despite
availability of vaccine services [11].

The questionnaire was developed based on the in-house evaluation needs as well as
on a literature review. The questions were categorized in six sections: (1) general media
consumption (two questions), (2) in-house media consumption (three questions), (3) in-
house media consumption regarding COVID-19 vaccinations (three questions), (4) general
attitude towards vaccines (three questions), (5) general attitudes towards COVID-19 vac-
cines (eight questions) and (6) socio-demographic data (seven questions). The design and
selection of questions for sections 1, 4 and 5 were informed by the previous work of the
WHO Strategic Advisory Group of Experts (SAGE) as well as by the implementation of
the HBM in predicting health behaviours [8–11,14]. Previous studies on the acceptance of
COVID-19 and other vaccines have showcased the suitability of HBM for exploring this
type of research questions [15–17].

The questionnaire was designed in German and translated into English for the pur-
poses of this publication.

The primary outcome of the survey was the intent to receive a vaccination against
COVID-19 (section 5). The main question gathering information regarding the intent to
vaccinate was formulated as “Are you going to get vaccinated against COVID-19?” and
provided four options to respond: “Yes”, “No”, “Maybe”, and “I have already received
one or both of the vaccination doses”. The latter option was necessary as the vaccination
campaign had begun approximately two months (28 December 2020) prior to the rollout
of the survey (25 February 2021). Participants who had selected “Yes” or “I have already
received one or both of the vaccination doses” were forwarded to a multiple-choice question
about their reasons for wanting to receive a COVID-19 vaccine. Participants who had
selected “No” were asked, through a multiple-choice question, about their reasons for
denying a COVID-19 vaccine. Participants who had indicated indecisiveness (“Maybe”)
were presented with a multiple-choice question on the factors that could potentially serve
as motivators for them to receive a COVID-19 vaccine.

Responses on the main question were used to build two variables: one indicating
intent to vaccinate (containing the responses “Yes”, “No” and “Maybe”, excluding al-
ready vaccinated participants) and one indicating the vaccination status (dichotomous
“vaccinated” and “not vaccinated”). The newly created variables were used for testing
the presented hypotheses. Perceived susceptibility, severity, benefits and barriers were
measured using a 5-point Likert scale. The Likert scale was subject to regrouping, since, for
the majority of the items, the original scale did not provide a subgroup sample size large
enough to execute the multinomial regression. Furthermore, the consistent regrouping of
the 5-point Likert scale enhances the comparability of results.

Due to the absence of a universally agreed upon process-oriented methodology in
HBM research, we opted for an individual examination of the associated constructs instead
of parallel, serial or a moderated analysis [18]. Further, we executed the analyses in an
itemized manner in order to provide insights into the specific aspects driving the association
between HBM constructs and vaccination intent.

The survey (including information about the IMPFLMU study) was disseminated
through a designated intranet page as well as through the employee newsletter, available
to all employees. Several reminders were sent between 25 February and 20 March 2021. All
employees of the hospital were eligible to participate in the survey.

Statistical Analysis

Descriptive analysis was performed for the sociodemographic data as well as the
data on internal communication, general communication (partially) and on the responses
regarding the reasoning for the vaccination decision. Potential confounders and effect
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modifiers (age, sex, occupational category, education and direct work with COVID-19
patients) were tested for significant associations with vaccination intent and status using
a Pearson’s Chi-square test (Table 1). Only significant variables were included in the
following analyses (α = 0.05).

All hypotheses were tested for both vaccination intent and status, where multinomial
logistic regression models were used for vaccination intent (AIC, BIC) and binomial logistic
regression models were applied to test the vaccination status (Cox and Snell R-Quadrat,
Nagelkerkes R-Quadrat). The hypotheses on the HBM-based cues to action (H3) as well as
on the attitude towards NPIs (H2) were examined with a multinomial logistic regression
(AIC, BIC). One hypothesis on the utilization of media and perceived knowledgeability
was tested with a generalized linear model (Pearson’s Chi-square Test).

Due to the small subgroup size in some variables where the data were collected using
a 5-point Likert scale, items on the lower end of the scale (coded “1” and “2”) as well as
items on the upper end of the scale (coded “4” and “5”) were respectively collapsed, thus
providing a variable with three response options.

Data processing and analyses were conducted with IBM SPSS Statistics Version 26.0.0.0.
Depending on the model fit, the unadjusted models were preferred for interpretation.
Unreported models are presented as tables in Supplement B.

3. Results

In total, 3590 of 11,070 employees (32.4%) of LMU University hospital participated
in the survey. Of those, 2555 completed the questionnaire in full. Only fully completed
questionnaires were considered for further analysis. Table 1 shows the frequency and
distribution of the socio-demographic and occupational characteristics of participants
as well as the distribution of vaccination status and intent among respondents. Table 2
provides insight into the reasons of participants for their vaccination decision. The data
show that protecting oneself and one’s close ones dominates arguments for receiving a
COVID-19 vaccine, whereas uncertainty about the vaccines’ effectiveness and safety were
leading causes for refusal and uncertainty.

Table 1. Socio-demographic and occupational characteristics of participants.

n % Coefficient p-Value

Age * Intent to Vaccinate Vaccination Status

<29 years 487 19.1

0.130
0.000

0.081
0.005

30–39 years 604 23.6
40–59 years 523 20.5
50–69 years 683 26.7
>60 years 239 9.4

No answer 19 0.7

Sex **

0.048
0.193

0.073
0.001

Female 1807 70.7
Male 739 28.9
Other 9 0.4

Education

0.106
0.019

0.203
<0.001

Secondary/Elementary school 40 1.6
Middle school 331 13.0

High school/technical diploma 439 17.2
Vocational training 497 19.5

Academic degree (Bachelor) 193 7.6
Academic degree (Master/Diploma) 420 16.4

Academic degree (Doctorate or higher) 574 22.5
Other training 60 2.3
No diploma 1 0.0
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Table 1. Cont.

n % Coefficient p-Value

Age * Intent to Vaccinate Vaccination Status

Occupation *** 0.036
0.426

–0.458
<0.001

Medical staff 1478 48.7
Non-medical staff 1120 51.3

Work with COVID-19 patients

0.051
175

0.257
<0.001

Yes 446 17.5
Mean number of weeks **** = 19.27 (SD = 19.75, 1–60 weeks)

No 2109 82.5

Vaccination status
Vaccinated 1235 48.3

Not vaccinated 1320 51.7

Intent to receive a COVID-19 vaccine (not vaccinated)
Yes 1104 83.6
No 82 6.2

Maybe 134 10.2
All (not vaccinated) 1320

All 2555

* Age group distribution at LMU University Hospital: <29 years = 22.9%, 30–39 years = 29.1%, 40–59 years = 18.8%,
50–69 years = 20.9%, >60 years = 8.4%. ** Sex distribution at LMU University Hospital: Female = 66.3%, Male = 33.7%.
*** Occupational distribution at LMU University Hospital: Medical staff = 45.4%, non-medical staff = 54.6%. **** The
question was only available to fill out by participants who had selected “yes” to having had worked at a designated
COVID-19 unit or with COVID-19 patients.

Table 2. Frequencies of the reasons for the respective decision on COVID-19 vaccine.

What are your main reasons for willing to receive a COVID-19 vaccine? * n %

To protect others (family, colleagues, patients) 2210 94.5%
To protect myself 2171 92.8%

I want to contribute to maintaining public health and achieving collective immunity 1839 78.6%
I am worried for my family and relatives 1523 65.1%

To participate in social activities again (restaurant visits, concerts etc.) 1428 61.1%
So I can travel again 1370 58.6%

I am fully convinced of the effectiveness and safety of COVID-19 vaccines 1245 53.2%
To lead with example at the hospital 1047 44.8%

I am afraid of getting seriously ill from COVID-19 851 36.4%
I am afraid of getting infected with COVID-19 835 35.7%

I work with COVID-19 patients 662 28.3%
I am not fully convinced by the effectiveness and safety of COVID-19 vaccines but I see those as

the lesser of two evils
496 21.2%

I identify as a risk patient 407 17.4%
Due to societal expectations 107 4.6%

As to not be identified as an “antivaxxer” 34 1.5%
I work with very vulnerable patients 10 0.4%

What are the reasons for which you do not (yet) wish to receive a COVID-19 vaccine? ** n %
I am afraid of the long-term (yet unknown) reactions to the vaccines 69 87.3%

I am not convinced of the safety and effectiveness of COVID-19 vaccines 67 84.8%
I have concerns due to the fast-tracked process of development 62 78.5%

I am still lacking evidence on the effectiveness and safety of COVID-19 vaccines 53 67.1%
I am lacking trust in the mechanism of mRNA vaccines 49 62.0%

I am lacking trust in the health institutions, pharma companies or the media 40 50.6%
I do not belong to a vulnerable group 31 39.2%

I am afraid of short-term reactions to the vaccines 25 31.6%
I am not prepared to get vaccinated in order to protect others 21 26.6%

I have no contact with COVID-19 patients 21 26.6%
I think the restrictions regarding hygiene (e.g., mask mandate) are enough 21 26.6%

It is unlikely for me to get ill from COVID-19 19 24.1%
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Table 2. Cont.

I generally do not get vaccinated 13 16.5%
I’ve already had COVID-19 and did not perceive it as so bad 7 8.9%

I’ve already had COVID-19 and am hence immune 4 5.1%
Due to health reasons (incl. pregnancy) 3 3.8%

Due to cultural or religious reasons 2 2.5%
I currently have no time for a vaccine 1 1.3%

What could positively influence your willingness to receive a COVID-19 vaccine? *** n %
More evidence on the long-term effects of COVID-19 vaccines 109 82.6%
More scientific evidence on the safety of COVID-19 vaccines 87 65.9%

More scientific evidence on the effectiveness of COVID-19 vaccines 85 64.4%
More time between the market authorization and myself receiving the vaccine—I prefer to wait a

little longer.
74 56.1%

A longer process of vaccine development 61 46.2%
An exhaustive explanation about the different mechanisms of COVID-19 vaccines 52 39.4%

More general information about COVID-19 vaccines (e.g., in media) 41 31.1%
My family and friends getting vaccinated and going through the process well 36 27.3%

Personal conversations with an expert 33 25.0%
Personal conversations with already vaccinated colleagues 31 23.5%

High incidence and mortality rates in my area 18 13.6%
Participation in vaccine trials 17 12.9%

Delay due to health reasons incl. pregnancy 5 3.8%

* This was a filtered question available only to those who had replied with “yes” or “I have already received one
or both of the vaccination doses” to the previous question (“Are you going to receive a COVID-19 vaccine?”);
n = 2339. ** This was a filtered question available only to those who had replied with “no” to the previous question
(“Are you going to receive a COVID-19 vaccine?”); n = 82. *** This was a filtered question available only to
those who had replied with “maybe” to the previous question (“Are you going to receive a COVID-19 vaccine?”);
n = 134.

For vaccination intent, age and education showed weak positive associations (Table 1).
For vaccination status, all tested variables showed a weak positive association except for
the dichotomous variable for occupation, which demonstrated a strong negative association
(Table 1).

All variables with an association on vaccination intent or status were included in the
adjusted multinomial and binomial logistic models, respectively.

3.1. General Attitude towards Vaccines and Influenza Vaccine Uptake

We examined the association between the general attitude towards vaccines and the
COVID-19 vaccination intent (Table 3). The data show a strong association between capacity
of an individual’s opinion about generally receiving the recommended vaccinations and
one’s intent to get vaccinated against COVID-19. Respondents who do not or only partially
agree with the statement that everyone should receive the recommended vaccines had a
significantly higher probability of refusing a COVID-19 vaccine. Equivalently, respondents
who do not or only partially agree with the statement had a significantly higher probability
of being undecided on whether or not to get vaccinated.

In terms of dealing with negative comments (e.g., comments on ineffectiveness, harms)
regarding vaccines in general as a predictor for COVID-19 vaccination intent, the data show
only a limited effect. Regarding dealing with negative comments, people who do (often)
deal with negative comments had a significantly higher probability of refusing a COVID-19
vaccine (Table 3).

The influenza vaccine uptake in the winter of 2020/2021 was associated with COVID-19
vaccination intent. The data in the better fitted unadjusted model show that people who were
vaccinated against influenza at the end of 2020 or beginning of 2021 have a significantly higher
probability of accepting a COVID-19 vaccination.

The results are similar for respondents who do not or only partially agree with the
statement that everyone should receive the recommended vaccines, being significantly less
likely to have already been vaccinated against COVID-19 (Table 4). Further, people who
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were vaccinated against influenza in the winter of 2020/2021 have a significantly higher
probability of having already received a COVID-19 vaccine (Table 4).

Table 3. Multinomial logistic regression of attitudes towards vaccinations associated with intent to
receive a COVID-19 vaccine.

Vaccination Intent

“I think it’s important that everyone receives
the recommended vaccinations.” *

Yes (ref.) No Maybe

n
n

RR
95% CI

n

RR
95% CI

Disagree/rather disagree 13
65

529.500
223.704–1253.308

32
50.130

24.840–101.169

Partly agree 32
7

23.166
8.288–64.753

50
31.821

18.846–53.728

“When you hear a negative comment about
vaccine(s), do you: . . . ..?” **

Yes (ref.) No Maybe

n
n

RR
95% CI

n

RR
95% CI

“Ask for the opinion(s) of those in your private
environment”—no

862 60
0.685

0.392–1.194
89

0.486
0.319–0.740

“Get the opinion of a doctor or healthcare
professional”—no

799
65

1.610
0.890–2.912

100
1.281

0.824–1.992

“Check the correctness of the statements
through media reports”—no

328
30

1.421
0.741–2.725

43
0.997

0.606–1.638

“I do not (often) deal with negative
comments”—no

865
73

2.393
1.041–5.499

111
1.111

0.638–1.935

“No answer”—no 1038
69

0.524
0.211–1.301

120
0.480

0.219–1.054

“I engage with the person expressing the
negative comment”—no ***

1097 82 1134

“Did you get vaccinated against influenza in
2020/21 season?” ****

Yes (ref.) No Maybe

n
n

RR
95% CI

n

RR
95% CI

“Yes” 665
13

0.124
0.068–0.228

29
0.182

0.119–0.280

“No” (ref.) 439 69 105

All (not yet vaccinated) 1104 82 134

* AIC = 39.633, BIC = 70.746 (unadjusted model); Reference category. Agree/rather agree; ** Multiple choice
question, AIC = 151.188 BIC = 161.558; Reference category in each item is the answer “yes” to executing the given
action; *** Too few cases to allow for analysis; **** AIC = 29.799 BIC = 50.541.

Table 4. Binomial logistic regression of attitudes towards vaccinations associated with negative
COVID-19 vaccination status.

“To What Extent Do You Agree with the Following Statement? ”
Vaccination Status
(Not Vaccinated)

“I find it important for everyone to receive the recommended vaccinations” * n OR 95% CI
Disagree/rather disagree 110 0.138 . 0.080–0.237

Partly agree 89 0.577 . 0.385–0.865
“When you hear a negative comment about vaccine(s), do you . . . ..” ** n OR 95% CI

“Ask for the opinion(s) of those in your private environment”—no 1011 1.134 . 0.903–1.424
“Get the opinion of a doctor or healthcare professional”—no 964 0.893 . 0.721–1.105

“Check the correctness of the statements through media reports”—no 401 1.218 . 0.953–1.557
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Table 4. Cont.

“To What Extent Do You Agree with the Following Statement? ”
Vaccination Status
(Not Vaccinated)

“I do not (often) deal with negative comments”—no 1049 0.893 . 0.689–1.158
“No answer”—no 1227 2.558 . 1.597–4.096

“I engage with the person expressing the negative comment”—no *** 1313 – –
All 1320

* Cox and Snell R-Quadrat = 0.248; Nagelkerkes R-Quadrat = 0.331 (adjusted model for age, sex, education, occupation);
Reference category; Agree/rather agree; ** Multiple choice question, Cox and Snell R-Quadrat = 0.234; Nagelkerkes
R-Quadrat = 0.312; Reference category in each item is the answer “yes” to executing the given action (*** too few cases
to allow for analysis).

3.2. Attitude towards Other Non-Pharmaceutical Interventions Following A COVID-19 Vaccination

We examined whether the vaccination status is associated with a certain attitude
towards NPIs (e.g., mask mandate, visitor regulations) at the LMU University hospital
(Table 5). HCW who agreed with preventative measures remaining until the end of 2021
were more likely to have already been vaccinated. However, HCW who did not agree
or only partially agreed with extending the measures to 2022, as well, were less likely
to have already been vaccinated against COVID-19. Further, HCW who did not agree
with extending the offer for free PCR-testing at the hospital despite the progress of the
vaccination campaign were more likely to not have been vaccinated.

Table 5. Binomial logistic regression of negative COVID-19 vaccination status associated with the
attitudes towards other implemented non-pharmaceutical interventions.

“In General, Regarding the COVID-19 Vaccination Campaign, It Is Important for
Me...” *

Vaccination Status
(Not Vaccinated)

“...that the current measures at LMU University Hospital (e.g., mask mandate)
remain valid until the end of 2021”

n OR 95% CI

Disagree 90 0.739 . 0.441–1.238
Rather disagree 85 0.845 . 0.522–1.365

Partly agree 235 1.104 . 0.809–1.506
Rather agree 347 1.302 . 1.009–1.681

“...that the current measures at LMU University Hospital (e.g., mask mandate)
remain valid in 2022 as well”

n OR 95% CI

Disagree 210 0.723 . 0.479–1.092
Rather disagree 216 0.634 . 0.441–0.912

Partly agree 439 0.715 . 0.533–0.958
Rather agree 228 0.833 . 0.608–1.140

“...that testing at the LMU University Hospital should remain broadly available
regardless of the vaccination campaign”

n OR 95% CI

Disagree 34 0.339 . 0.145–0.748
Rather disagree 23 0.583 . 0.273–1.245

Partly agree 76 1.007 . 0.654–1.550
Rather agree 361 0.925 . 0.654–1.550

All 1320

* Cox and Snell R-Quadrat = 0.237; Nagelkerkes R-Quadrat = 0.316 (adjusted model for age, sex, education,
occupation); the distribution of answers allowed for testing without merging any categories; Reference category
in each item is the answer “Agree”.

3.3. Factors Associated with Vaccination Intent (Informed by the Health Belief Model)
3.3.1. Perceived Susceptibility

We tested the perceived susceptibility to COVID-19 with five items assessing one’s
perceived likelihood to get infected as well as one’s attitude change towards the likelihood
of getting infected in a private or professional setting since the beginning of vaccination
(α = 0.509) [14]. HCW who disagreed or rather disagreed with the statement that they were
less worried about attracting COVID-19 in a professional setting compared to before the
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start of the vaccination campaign had a significantly higher likelihood of not intending to
receive a COVID-19 vaccine (Table 6) or being still undecided on the matter. HCW who
partially agree with the statement are significantly more likely to be undecided regarding a
COVID-19 vaccine.

Table 6. Multinomial logistic regression models with the Health Belief Model factors associated with
intent to receive a COVID-19 vaccine.

Perceived Susceptibility Is a Predictor for Getting a
COVID-19 Vaccine *

Vaccination Intent

α = 0.509 AIC = 703.718, BIC = 714.088 Yes (ref.) No Maybe

“How do you rate the following aspects from your
personal point of view?”

n
n

RR
95% CI

n

RR
95% CI

“In regard to the spread of COVID-19 the likelihood
that I myself be will infected is...”

Very low/Low 337
51

0.989
0.378–2.589

58
1.498

0.691–3.247

Medium 571
21

0.498
0.194–1.278

62
0.954

0.474–1.918

“Since the vaccination campaign started, I’ve been
more afraid of getting infected in my private

environment than before or I’ve been more afraid for
my loved ones.”

n
n

RR
95% CI

n

RR
95% CI

Disagree/Rather disagree 892
76

0.862
0.290–2.560

106
0.736

0.334–1.625

Partly agree 152
2

1.007
0.239–4.250

20
0.918

0.362–2.326

“Since the vaccination campaign started, I’ve been
less afraid of getting infected in my private

environment than before or I’ve been less more
afraid for my loved ones.”

n
n

RR
95% CI

n

RR
95% CI

Disagree/Rather disagree 571
70

2.155
0.894–5.196

90
1.905

0.947–3.833

Partly agree 255
2

0.456
0.122–1.699

31
1.909

0.899–4.057

“Since the vaccination campaign started, I’ve been
less afraid of getting infected in my professional

environment than before.”
n

n

RR
95% CI

n

RR
95% CI

Disagree/Rather disagree 575
71

3.094
1.180–8.114

93
3.231

1.527–6.839

Partly agree 248
3

0.595
0.205–2.479

30
2.283

1.051–4.961

“Since the vaccination campaign started, I’ve been
more afraid of getting infected in my professional

environment than before.”
n

n

RR
95% CI

n

RR
95% CI

Disagree/Rather disagree 925
78

6.007
1.909–18903

109
2.411

0.998–5.826

Partly agree 124
2

1.542
0.500–4.755

18
2.165

0.961–4.879

Perceived severity is a predictor for a getting a
COVID-19 vaccine

Yes (ref.) No Maybe

α = 0.817 AIC = 82.230 BIC = 134.084
“How do you rate the following aspects from your

personal point of view?”
n

n

RR
95% CI

n

RR
95% CI

“In regard to the spread of COVID-19 the probability
of me getting sick from COVID-19 is...”

Very low/Low 370
60

2.114
0.805 –5.551

59
2.262

1.006–5.082

Medium 562
16

0.497
0.183–1.353

65
1.706

0.798–3.647
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Table 6. Cont.

Perceived Susceptibility Is a Predictor for Getting a
COVID-19 Vaccine *

Vaccination Intent

“In regard to the spread of COVID-19 the probability
of me getting seriously ill from COVID-19 is...”

n
n

RR
95% CI

n

RR
95% CI

Very low/Low 654
72

7.874
0.952–65.149

91
1.538

0.581–4.070

Medium 342
9

3.981
0.464–34.146

37
1.446

0.546–3.830

Perceived benefits are a predictor for a getting a
COVID-19 vaccine

Yes (ref.) No Maybe

AIC = 40.631 BIC = 71.743 95% CI 95% CI

“I am completely convinced of the effectiveness of
the COVID-19 vaccines”

n
n

RR

n
(RR;

p-value)

Disagree/Rather disagree 17
63

485.471
194.154

−1213.891
46

72.979
37.977–140.241

Partly agree 170
12

9.247
3.589–23.824

54
8.567

5.412–13.561

Perceived barriers are a predictor for a getting a
COVID-19 vaccine

Yes (ref.) No Maybe

α = 0.845 AIC = 93.445 BIC = 145.299 n
n

RR
95% CI

n

RR
95% CI

“I am completely convinced of the safety of the
COVID-19 vaccines”

Disagree/Rather disagree 33
71

116.829
28.676–475.969

59
20.484

9.584–43.781

Partly agree 215
8

5.423
1.230–23903

57
5.938

3.115–11.322

“I have no concerns regarding the COVID-19
vaccines”

Disagree/Rather disagree 93
73

10.264
2.916–36133

81
7.890

3.924–15.866

Partly agree 215
5

10.264
0.348–6.924

36
2.744

1.366–5.513

All 1104 82 134

* Reference category in each item is the highest answer on the merged Likert scale (“Rather agree/Agree” or
“High / Very high”); adjusted model for age, sex, education, occupation.

For vaccination status, HCW who disclosed to being less worried about getting in-
fected in their professional or personal setting since the beginning of vaccination were more
likely to have already received one or both vaccination doses (Table 7).

3.3.2. Perceived Severity of Disease in Case of Attraction of COVID-19

For perceived severity, we tested two items (α = 0.817). Unlike perceived susceptibility,
the items for perceived severity demonstrated only one borderline significance towards
vaccination intent, where people who identify their risk of getting sick from COVID-19 as
low or very low were significantly more likely to be undecided (Table 6).

In terms of vaccination status, the data showed that persons who define their risk
of getting sick from COVID-19 as very low or low are more likely to have already been
vaccinated (Table 7).

3.3.3. Perceived Benefits

The perceived benefits were measured with one item assessing the individual’s con-
viction of the effectiveness of COVID-19 vaccines (Table 6). The data in the better fitting
unadjusted model showed a strong significant effect of low or partial conviction of the
effectiveness of COVID-19 vaccines on the vaccination intent. Further, persons who are not
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or only partially convinced of the effectiveness are significantly more likely to be undecided
on getting a COVID-19 vaccine than those who are rather or completely convinced.

The results are also reflected in the better fitting model adjusted for age, sex, education
and occupation for outcomes for vaccination status, where HCW who are not or are only
partially convinced of the effectiveness of COVID-19 vaccines are less likely to have already
received a dose (Table 7).

Table 7. Binomial logistic regression models with the Health Belief Model factors associated with
intent to receive a COVID-19 vaccine.

Perceived susceptibility is a predictor for getting a COVID-19 vaccine 1,*
Vaccination status
(not vaccinated)

“How do you rate the following aspects from your personal point of view?” n OR 95% CI
“In regard to the spread of COVID-19 the likelihood that I myself be will

infected is...”

Very low/Low 446 0.644 . 0.430–0.965
Medium 654 0.920 . 0.654–1.295

“Since the vaccination campaign started, I’ve been more afraid of getting infected
in my private environment than before or I’ve been more afraid for my

loved ones.”
Disagree/Rather disagree 1074 1.484 . 0.915–2.406

Partly agree 174 1.134 . 0.640–2.007
“Since the vaccination campaign started, I’ve been less afraid of getting infected in

my private environment than before or I’ve been less afraid for my loved ones.”
Disagree/Rather disagree 731 0.432 . 0.323–0.577

Partly agree 288 0.670 . 0.497–0.902
“Since the vaccination campaign started, I’ve been less afraid of getting infected in

my professional environment than before.”
Disagree/Rather disagree 739 0.249 . 0.187–0.332

Partly agree 281 0.525 . 0.395–0.697
“Since the vaccination campaign started, I’ve been more afraid of getting infected

in my professional environment than before.”
Disagree/Rather disagree 489 1.818 . 1.184–2.791

Partly agree 643 1.011 . 0.692–1.477

Perceived severity is a predictor for a getting a COVID-19 vaccine ** Vaccination status (not vaccinated)
“In regard to the spread of COVID-19 the probability of me getting sick from

COVID-19 is...”
n OR 95% CI

Very low/Low 489 1.567 . 1.103–2.226
Medium 643 1.039 . 0.754–1.433

“In regard to the spread of COVID-19 the probability of me getting seriously ill
from COVID-19 is...”

Very low/Low 817 0.848 . 0.556–1.293
Medium 388 0.700 . 0.463–1.058

Perceived benefits are a predictor for a getting a COVID-19 vaccine *** Vaccination status (not vaccinated)
“I am completely convinced of the effectiveness of the COVID-19 vaccines” n OR 95% CI

Disagree/Rather disagree 126 0.061 0.032–0.118
Partly agree 236 0.554 0.428–0.718

Perceived barriers are a predictor for a getting a COVID-19 vaccine **** Vaccination status (not vaccinated)
“I am completely convinced of the safety of the COVID-19 vaccines” n OR 95% CI

Disagree/Rather disagree 163 0.189 0.107–0.331
Partly agree 280 0.704 0.528–0.939

“I have no concerns regarding the COVID-vaccines”
Disagree/Rather disagree 247 0.436 0.296–0.642

Partly agree 256 0.739 0.555–0.985
All 1320

1 Reference category in each item is the highest answer on the merged Likert scale (“Rather agree/Agree” or “High/Very
high”). * Cox and Snell R-Quadrat = 0.334; Nagelkerkes R-Quadrat = 0.445 ** Cox and Snell R-Quadrat = 0.236;
Nagelkerkes R-Quadrat = 0.314 *** Cox & Snell R-Quadrat = 0.264; Nagelkerkes R-Quadrat = 0.352 **** Cox and Snell
R-Quadrat = 0.270; Nagelkerkes R-Quadrat = 0.360; unadjusted models.
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3.3.4. Perceived Barriers

Perceived barriers were measured with two items (α = 0.845). The results demonstrate a
strong association between perceived barriers and the vaccination intent (Table 6). Respondents
who are not or only partially convinced of the safety of COVID-19 vaccines are significantly
more likely to refuse a vaccine or undecided on whether or not to get vaccinated.

We observed similar results for the effect of concerns regarding COVID-19 vaccines on
the vaccination intent (Table 6). People who have any concerns regarding the COVID-19
vaccines are significantly more likely to refuse a vaccine. Similarly, those with concerns or
partial concerns have a significantly higher likelihood of being undecided.

In terms of vaccination status, the results in the better fitted adjusted model showed an
identical result with people uncertain or concerned regarding COVID-19 vaccines having a
higher chance of not being vaccinated (Table 7).

3.3.5. Cues to Action

We analysed the cues to action by examining the link between the COVID-19 vaccina-
tion intent and the utilization of media platforms and channels (external cues) as well as
the perceived knowledgeability on the topic (internal cues).

Perceived Knowledgeability and COVID-19 Vaccination Intent

We examined how the individual’s perceived knowledgeability on COVID-19 vaccines
affects the intention to receive one (Table 8). Due to the relatively even distribution of
subgroups, we decided against the merger of items as opposed to the other analysed
HBM constructs. There was a particularly strong association for disagreeing or completely
disagreeing with the statement “I generally felt well informed about COVID-19 vaccines
and their safety” and being more likely to not have intent or being undecided on receiving
a COVID-19 vaccine.

Table 8. Multinomial logistic regression for the perceived knowledgeability associated with intent to
receive a COVID-19 vaccine.

Perceived Knowledgability Is a Predictor of
Intent to Receive a COVID-19 Vaccine *

Yes (ref.) No Maybe

“I generally felt well informed about
COVID-19 vaccines and their safety”

n
n

RR
95% CI

n
RR

95% CI

Disagree 30
24

25.900
10.690–62.752

22
21.104

8.906–50.008

Rather disagree 111
18

5.250
2.217–12.431

32
8.296

3.833–17.958

Partly 271
18

2.150
0.919–5031

45
4.779

2.290–9.972

Rather agree 433
14

1.047
0.433–2.529

26
1.728

0.797–3.745

All 1104 82 134

* AIC = 66.316 BIC = 118.170; Reference category: “Agree” (unadjusted).

Utilization of Certain Media Platforms or Channels and Perceived Knowledgeability

We examined how the utilization of different media platforms or channels (both
private, state, official and other channels) affects one’s perception of knowledgeability
regarding COVID-19 vaccines with a generalized linear model (Table 9). Not discussing
the topic of vaccination with other people as well as not getting involved in personal
conversations with family members, friends or acquaintances was linked to a likely in-
crease in perceived knowledge about COVID-19 vaccines. Similarly, seeking information
specifically on vaccines may increase one’s perception of knowledgeability. On the con-
trary, perceived knowledgeability may be reduced if one does not turn to the information
resources provided by state or federal health authorities or does not discuss vaccinations
with the vaccination doctor or with another medical professional.
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Table 9. Generalized linear models for the utilization of certain media platforms/channels associated
with the perceived knowledgeability regarding COVID-19 vaccines.

Utilization of Certain Media Platforms/Channels and Perceived
Knowledgeability *

Perceived Knowledgeability

“What are the most common information platforms you turn to for
information on vaccines?”

n OR 95% CI

Public television channels (e.g., ARD, ZDF, Bayerischer Rundfunk)—“no” 950 1.012 0.861–1.191
Private TV channels (e.g., ProSieben, RTL) – “no” 2355 1.214 0.916–1.609

Daily newspapers (print or online)—“no” 1418 0.863 0.740–1.007
Online media (e.g., other websites)—“no” 1087 1.150 0.985–1.343

Radio—“no” 1981 1.027 0.856–1.231
Social networks (e.g., Facebook, Twitter)—“no” 2312 1.011 0.784–1.302

Podcasts—“no” 2267 1.011 0.802–1.276
Personal conversations with other people—“no” 1363 1.184 1.006–1.392

I do not seek specific information about vaccinations—“no” 2356 1.352 1.005–1.820

Utilization of certain media platforms/channels and COVID-19 vaccination
intent **

“What are the most common information channels you turn to for
information on vaccines?” **

n OR 95% CI

Scientific sources, e.g., peer-reviewed articles, reports of clinical trials—“no” 1306 1.024 0.873–1.201
Information from state or federal authorities (e.g., Federal Center for Health

Education, Paul Ehrlich Institute or Robert Koch Institute)—“no”
826 0.772 0.650–0.917

Information from international organizations, e.g., World Health
Organization—“no”

1846 1.099 0.925–1.305

Personal conversation with the (vaccinating) doctor or a medical professional
(incl. the vaccinating healthcare professionals at the hospital’s vaccination

centre)—“no”
2464

0.835
0.708–0.986

Information from health insurance companies—“no” 2282 0.926 0.620–1.382
Information from the local health department—“no” 2282 0.927 0.729–1.179
Information from pharmaceutical companies—“no” 2374 0.917 0.688–1.222

Information events, e.g., meetings with experts—“no” 2237 0.936 0.750–1.167
Personal conversations with family members, friends or acquaintances,

colleagues—“no”
1663 1.233 1.044–1.457

I do not seek specific information channels to inform myself about
vaccinations—“no”

2417 1.402 0.975–2.017

All 2555

* Pearson’s Chi = 0.981 (GLM); ** “leftover”; Multiple choice questions; Reference category in each item is the
answer “yes” to utilizing the given channel or platform.

Utilization of Certain Media Platforms or Channels and The COVID-19 Vaccination Intent

We conducted the same analysis for the COVID-19 vaccination intent using a multi-
nomial logistic regression (Table 10). For media platforms, the model showed a strong
association between not using public television channels and refusing a COVID-19 vac-
cine. Not using social media networks or personal conversations with other people as
an information source was linked to a lower risk of denying COVID-19 vaccination. Re-
garding indecisiveness, not using daily newspapers and podcasts was linked to a higher
probability whereas not conversing with others was associated with a lower likelihood of
being undecided.
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Table 10. Multinomial logistic regression models for the utilization of certain media plat-
forms/channels associated with the intent to receive a COVID-19 vaccine.

Utilisation of certain media platforms/channels
correlates with the intent to receive a

COVID-19 vaccine *

Yes
(ref.)

No Maybe

“What are the most common information
platforms you turn to for information on

vaccines?”
n

n

RR
95% CI

n

RR
95% CI

Public television channels (e.g., ARD, ZDF,
Bayerischer Rundfunk)—“no”

350
57

3.253
1.838–5.754

54
1.131

0.737–1.736

Private TV channels (e.g., ProSieben, RTL)—“no” 1008
73

0.619
0.266–1.442

124
(1.511; 0.267)

0.728–3.136

Daily newspapers (print or online)—“no” 596
61

1.811
0.999–3.283

97
2.282

1.482–3.514

Online media (e.g., other websites)—“no” 495
33

1.161
0.651–2.070

57
(0.992)

0.653–1.505

Radio—“no” 830
71

1.461
0.710–3.004

104
1.127

0.708–1.794

Social networks (e.g., Facebook, Twitter)—“no” 1004
60

0.308
0.166–0.571

123
(1.251; 0.520)

0.632–2.479

Podcasts—“no” 970
72

1.233
0.568–2.674

129
2.986

1.176–7.585

Personal conversations with other people—“no” 636
40

0.717
0.411–1.251

54
(0.516; 0.003)

0.335–0.794

I do not seek specific information about
vaccinations—“no”

1027
64

0.591
0.275–1.270

115
0.683

0.442–1.708

“What are the most common information
channels you turn to for information on

vaccines?” **

Yes
(ref.)

No Maybe

n
n

RR
95% CI

n

RR
95% CI

Scientific sources, e.g., peer-reviewed articles,
reports of clinical trials—“no”

627
37

0.526
0.295 - 0.936

85
1.045

0.688–1.587

Information from state or federal authorities (e.g.,
Federal Center for Health Education, Paul Ehrlich

Institute or Robert Koch Institute)—“no”
355

55
3.434

1.926–6.123
60

1.339
0.862–2.079

Information from international organizations, eg.
World Health Organization—“no”

798
58

0.507
0.275–0.935

97
0.685

0.432–1.087

Personal conversation with the (vaccinating) doctor
or a medical professional (incl. the vaccinating

healthcare professionals at the hospital’s vaccination
centre)—“no”

814
65

1.156
0.618–2.162

104
1.403

0.878–2.241

Information from health insurance
companies—“no”

1065
79

0.752
0.193–2.937

126
0.459

0.194–1.088

Information from the local health department—“no” 982
76

1.791
0.666–4.822

119
0.937

0.508–1.728

Information from pharmaceutical companies—“no” 1043
71

0.413
0.184–0.928

129
1.241

0.469–3.283

Information events, e.g., meetings with
experts—“no”

982
68

0.583
0.292–1.163

123
1.199

0.608–2.364

Personal conversations with family members,
friends or acquaintances, colleagues—“no”

742
46

0.598
0.346–1.034

64
0.448

0.293–0.686

I do not seek specific information channels to inform
myself about vaccinations—“no”

1046
68

0.372
0.151–0.919

116
0.334

0.158–0.707

All 1104 82 134

* AIC = 1134.876 BIC = 1331.92; ** “leftover”; Reference category in each item is the answer “yes” to utilizing the
given channel or platform (unadjusted).
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Further, not utilizing scientific sources, information from international organizations
and pharmaceutical companies was found to reduce the risk of COVID-19 vaccine re-
fusal. In contrast, not utilizing the information sources provided by state or federal health
authorities was linked to a higher likelihood of vaccine refusal.

Supplement A provides insights into the demands and expectations of participants
regarding the design and contents of vaccine-related information and messages. Further-
more, statistics on the utilization of internal communication and information services
are provided.

4. Discussion

The presented study shows an in-depth analysis of COVID-19 vaccination intent and
vaccination status of HCW in one of the largest university hospitals in Germany at the
beginning of the vaccination campaign (25 February to 20 March 2021); in comparison to a
survey conducted prior to the authorization of any COVID-19 vaccine, vaccination intent
in our cohort had increased [7]. Our data show that a generally approving attitude towards
recommended vaccines and having been vaccinated against influenza in the winter of
2020/2021 were strongly associated with COVID-19 vaccination intent. Further, HCW that
had already received at least one vaccine dose were more likely to agree with extending
NPIs until the end of 2021. However, HCW not yet vaccinated were more likely to disagree
or only partially agree with continuing the NPIs (including free PCR-testing) in 2022. Our
HBM-based analysis of the factors influencing the decision-making processes on COVID-19
vaccination demonstrated particularly strong associations between perceived benefits and
barriers and the refusal or indecisiveness regarding reception of the vaccine. Unchanged
or rather low perceived susceptibility and severity were associated with reluctance or
indecisiveness. In the analysis of cues to action, the results showed that HCW who perceive
themselves as ill-informed about COVID-19 vaccines and their safety are significantly
more likely to refuse vaccination or to be undecided. Factors associated with an increase
in perceived knowledgeability regarding COVID-19 vaccines were not conversing with
others (e.g., family members, acquaintances) but rather seeking specific information on
the topic. A reduction in the perceived knowledgeability was observed in cases where
information provided by sources such as state or federal health authorities as well as
by healthcare professionals was not utilized. Further, there was a significant association
between not conversing with others on the topic and being less likely to refuse or be
undecided on whether or not to get vaccinated, similar to the results for the effect of
personal conversations on one’s perceived knowledgeability. Not using social media as an
information channel was linked to a lower likelihood of COVID-19 vaccination refusal.

The results of this study contribute to the existing body of evidence on the intention
and reasoning behind a vaccination decision of HCW in a pandemic context beyond
COVID-19 [15]. The COVID-19 vaccination intent and status among the examined HCW
cohort after the beginning of the vaccination campaign in Germany amplifies the evidence
outlined by similar cross-sectional self-administered surveys among HCW, as these were
conducted primarily prior to, rather than after, the approval of any COVID-19 vaccine. Two
surveys among healthcare personnel in university hospitals in Italy and France present an
intent to receive a COVID-19 vaccine of over 75% of respondents [19,20]. In a nationwide
disseminated questionnaire in Italy, the results indicated a slightly lower rate, with 67% of
respondents intending to vaccinate against COVID-19 as soon as a vaccine was available,
27.7% feeling uncertain and 7.3% refusing a vaccine [21]. A similar percentage (28.4%)
of reluctance towards COVID-19 vaccines was reported among French-speaking HCW
in France, Belgium and Canada [22]. A rather inhomogeneous vaccination intent was
reported by six surveys conducted among HCW in hospital settings outside of Europe,
with COVID-19 vaccination acceptance rates ranging between 27.7% and 63.0% [23–28]. A
more recent survey conducted in two Vietnamese general hospitals after the approval of
several vaccines has shown a significant acceptance of COVID-19 vaccines of 76.10% [29].
The comparably high COVID-19 vaccination intent identified in our analysis might suggest
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a longitudinal shift in HCW COVID-19 vaccination intent after the authorization of the
first vaccines. A similar longitudinal shift has been observed by two German-wide surveys
on HCW COVID-19 vaccination, where the vaccination intent increased from 65% to 75%
between December 2020 and February 2021 in one of the surveys [30] and from 83% in
March and April 2021, a period in which the presented data were also collected, to 91% and
92% in the second and third wave, respectively [31–33].

4.1. General Attitude towards Vaccines

Further, participants of the KroCo study, a longitudinal survey on COVID-19 vac-
cination intent by the Robert Koch Institute, also placed their main arguments against a
COVID-19 vaccine in the concerns regarding side effects or even long-term damage as
well as uncertainty regarding the vaccine’s technology. The main reasons for receiving a
COVID-19 vaccine were similarly related to protecting one’s health as well as their close
ones [31–33]. Several international studies observed similar arguments for and against
getting a COVID-19 vaccination, with the protection of oneself and close ones being a main
driver for and concerns about the safety, efficacy and side effects of vaccines as reasons
against it [20,21,26,28,34]. Similar paths of reasoning were also observed in regard to the
pandemic H1N1 (pH1N1) vaccination during the 2009/2010 outbreak [35–37]. Similarly,
safeguarding one’s health and the health of their loved ones were previously identified as
the main driver for receiving any vaccine by HCW [38].

At the time of preparation of this manuscript, we could not identify other studies
exploring the association between a generally approving attitude towards vaccines and a
positive COVID-19 vaccination intent. However, several studies in an international context
have also demonstrated a significant relationship between seasonal influenza vaccination
uptake and COVID-19 vaccination intent, corresponding to our findings [20,21,24,26,39]. In
a historical analogy, a seasonal influenza vaccination was found to be a common predictor
for intending to a receiving a pH1N1 influenza vaccination [15,35–37].

4.2. Attitudes towards Non-pharmaceutical Interventions

At the moment of preparation of these results, we could not identify other studies that
had explored the association between COVID-19 vaccination status and attitude towards
pandemic-related NPI in HCW populations. Thus, the outcomes presented here provide
a reference for future research on the association between attitudes towards COVID-19
pharmaceutical and non-pharmaceutical measures.

4.3. Health Belief Model Constructs

Our findings concerning the HBM factors, however, build upon previously published
theoretical and empirical evidence [8,9,40]. Wong et al. observed a very strong association
between the items for perceived benefits and a COVID-19 vaccination intent [17]. Perceived
benefits and severity were also positively correlated in a population-based study by Wong
et al., while the perceived barriers showed a strong negative association with COVID-19
vaccination intent [16]. Similarly, a HBM-based study among Vietnamese HCW reported
strong associations for cues to action, perceived benefits and barriers (negative association),
whereas the association for perceived susceptibility and severity was relatively weaker [29].

Beyond the COVID-19 vaccine, the perceived benefits as well as the cues to action were
identified by Shahrabani et al. as main HBM drivers for seasonal influenza vaccination
among HCW in Israel [41].

It is important to note that when exploring potential COVID-19 vaccine decision
drivers outside of HBM, several studies identified the perceived individual risk of COVID-
19 (often using a factor combing perceived susceptibility and severity) as a strong predictor
for HCW for receiving a COVID-19 vaccine [20,21,24]. The systematic review by Ahmad
et al. further highlights the distrust in a vaccine’s content, safety, efficacy and side-effects
as factors associated with vaccine hesitancy among HCW [42]. As these studies were
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conducted without the inclusion of other HBM constructs, it is not possible to reflect on the
other potentially related factors.

In order to reflect on the fast-paced information background of COVID-19 vaccination
campaigns, we attempted an itemized analysis of potential cues to action. Our data support
previously published evidence on the significant correlation between cues to action and
vaccination intent. In the study by Huynh et al., the cues to action account for the strongest
association with a COVID-19 vaccination intent, although no further detail on the specific
cues is provided [29]. We found that not utilizing the information provided by state or
federal health authorities or not discussing vaccinations with the vaccination doctor or with
another medical professional reduces the perceived knowledgeability regarding COVID-19
vaccines, which in turn reduces the likelihood of a vaccination intent. These results build
a valuable analogy to the cues to action associated with a COVID-19 vaccination intent
among the general population [16]. Further, corresponding to our results on the negative
association between social media utilization and vaccination intent, Di Gennaro et al. ob-
served that Italian HCW who were primarily using Facebook as an information source were
significantly more likely be hesitant regarding a COVID-19 vaccine [21]. The utilization of
social media platforms and its effect on one’s motivation to adopt preventive measures,
more particularly a vaccination, has been previously examined through the lens of risk
perception. However, the results on how and why social media usage affects COVID-19 risk
perception, especially the intent to receive a COVID-19 vaccine, vary strongly depending
on the target group and setting [43–45].

4.4. Limitations

Several limiting factors need to be taken into account when interpreting the results
of this study. As to the survey design and conduction, only approximately one third
of employees filled out the questionnaire of IMPFLMU. Further, occupational groups
who are working at various locations at the hospital (e.g., logistics, hospital hygiene,
catering services) participated less in the study. Due to the rapid rollout of the vaccination
campaign at LMU University Hospital, the presented survey could not be launched before
the beginning of vaccination. Consequently, a large proportion of the target population had
already been vaccinated once when the survey was launched. This disrupted the initial
timeline and lead to the addition of the fourth response option (“I have already received one
or both of the vaccination doses”) to the question on vaccination intent. Further, changes
in attitude may have occurred following the beginning of the vaccination campaign or
after being vaccinated. Although the majority of the participants noted that information
in the German language is sufficient, it is quite possible that the linguistic diversity of the
hospital’s personnel was not well reflected among the study participants. Recent studies
indicate that language barriers as well as ethnical and cultural differences significantly
contribute to vaccine hesitancy [39,46].

Concerning results, the differences in subgroup sizes pose a challenge for the interpre-
tation of the results. In addition, we cannot exclude the impact of social desirability bias as
well as of central tendency bias on the responses of participants [47,48].

HBM-based analyses rest upon the psychosocial assumption of health being consid-
ered of high priority by the targeted population [49]. Although the results of this study
do indicate a strong prioritization of one’s personal health as a facilitator for receiving a
COVID-19 vaccine, further health and non-health related factors that may also influence
the decision-making process but go beyond the scope of HBM should be considered in
future research attempts. Relevant health-related factors in this sense include the health
and well-being of persons in one’s professional (e.g., patients) and private network (e.g.,
family). Furthermore, non-health related factors represent a potential confounding aspect
in HBM-based analyses. Additional aspects that could not be taken into consideration
due to the cross-sectional design of this study are the potential change of attitude towards
COVID-19 vaccines throughout the vaccination campaign, and the COVID-19 vaccination
mandate for HCW adopted on 10 December 2021. Especially since the recommendations
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of the European Medicines Agency (EMA) as well as of Germany’s Standing Committee
on Immunization (STIKO) underwent several updates in the first half of 2021, changes in
attitude towards specific vaccines or COVID-19 vaccines in general are possible [50,51].
A further analysis into the cues to action would have been possible with a more detailed
section on the utilization of information platforms and channels, as there are quantitatively
and qualitatively diverse possibilities for employing information sources when actively
or passively seeking information. This limitation is particularly valid in regard to social
media utilization in terms of misinformation and infodemic management [49,52].

It should be noted that the presented study did not consider the possibility of a COVID-19
vaccination mandate for HCW and the therewith-associated labor and economic factors. The
respective legislation was adopted on 10 December 2021 and binds a working contract in any
healthcare institution to a complete COVID-19 vaccination as of 16 March 2022 [53].

5. Conclusions

Our findings provide insights into the vaccination intent and status of COVID-19
vaccines among HCW as well as on the reasons and factors affecting these. Our results
can serve as guidance for the design of vaccination campaigns among HCW in similar
organizational contexts as well as for the management of future epidemic or pandemic
outbreaks. Further, the pronounced evidential comparisons between the vaccination intent
and attitudes of HCW during the H1N1 and the COVID-19 pandemic indicate the existence
of a pattern-oriented behaviour beyond contextual parameters. These indications would
call for a holistic approach towards improving and accelerating the adoption of novel
pharmaceutical measures (i.e., vaccines) by HCW through preventively addressing the here
outlined determinants, barriers and modifiers of vaccination intent.

Appropriately, our study contributes towards the development of a framework for
health promotion communication targeted at HCW by identifying the specific aspects of
HBM factors that could be addressed most efficiently. Further, the operationalization of
HBM in this study caters to the empirical evidence for the application of the model in
a healthcare setting within a pandemic context, particularly by presenting an in-depth
perspective on the parameters and mechanism of impact of cues to action.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/vaccines10081231/s1, Supplement A: The following tables provide
further insights into the data collected through the implemented questionnaire. The data refers to the
utilization of information sources within the LMU University hospital. Supplement B: The following
tables present the tested models that were not chosen for interpretation due to their poor model fit
compared to the other model(s) chosen for interpretation. .

Author Contributions: Conceptualization, A.Z., S.P. and K.A.; methodology, A.Z., S.K. and M.C.;
software, S.P.; validation, S.H., S.P., M.K., P.K., A.C. and K.A.; formal analysis, S.K. and A.Z.; in-
vestigation, A.Z. and S.K.; resources, S.P.; data curation, A.Z.; writing—original draft preparation,
A.Z.; writing—review and editing, M.C., S.H, M.K., K.A., P.K., S.P., A.C. and S.K.; visualization, A.Z.;
supervision, K.A. and S.P.; project administration, A.Z.; funding acquisition, S.P. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was reviewed and approved by the ethics committee of the medical faculty at LMU
Munich, Germany (Project number: 21-0123).

Informed Consent Statement: Informed consent was obtained by all participants in an electronic
form. Filling out the questionnaire was possible only after agreeing to the data usage notice approved
by the Data Protection Officer of the LMU University Hospital.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to the data protection policy of the
LMU University Hospital.

https://www.mdpi.com/article/10.3390/vaccines10081231/s1
https://www.mdpi.com/article/10.3390/vaccines10081231/s1


Vaccines 2022, 10, 1231 19 of 21

Acknowledgments: The authors would like to thank all employees of the LMU Klinikum for their
tireless commitment towards providing the highest quality of care to all patients affected by the
COVID-19 pandemic. We would also like to express our gratitude towards Joanna M. Meyer for
meticulously proofreading this manuscript.

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

References

1. World Health Organization. Achieving 70% COVID-19 Immunization Coverage by Mid-2022. 2021. Available online: https:
//www.who.int/news/item/23-12-2021-achieving-70-covid-19-immunization-coverage-by-mid-2022 (accessed on 1 October
2021).

2. Squeri, R.; Di Pietro, A.; La Fauci, V.; Genovese, C. Healthcare workers’ vaccination at European and Italian level: A narrative
review. Acta Bio-Med. Atenei Parm. 2019, 90, 45–53. [CrossRef]

3. Alabbad, A.A.; Alsaad, A.K.; Al Shaalan, M.A.; Alola, S.; Albanyan, E.A. Prevalence of influenza vaccine hesitancy at a tertiary
care hospital in Riyadh, Saudi Arabia. J. Infect. Public Health 2018, 11, 491–499. [CrossRef] [PubMed]

4. Paterson, P.; Meurice, F.; Stanberry, L.R.; Glismann, S.; Rosenthal, S.L.; Larson, H.J. Vaccine hesitancy and healthcare providers.
Vaccine 2016, 34, 6700–6706. [CrossRef] [PubMed]

5. Verger, P.; Fressard, L.; Collange, F.; Gautier, A.; Jestin, C.; Launay, O.; Raude, J.; Pulcini, C.; Peretti-Watel, P. Vaccine Hesi-
tancy Among General Practitioners and Its Determinants during Controversies: A National Cross-sectional Survey in France.
EBioMedicine 2015, 2, 891–897. [CrossRef] [PubMed]

6. Blasi, F.; Aliberti, S.; Mantero, M.; Centanni, S. Compliance with anti-H1N1 vaccine among healthcare workers and general
population. Clin. Microbiol. Infect. Off. Publ. Eur. Soc. Clin. Microbiol. Infect. Dis. 2012, 18 (Suppl. S5), 37–41. [CrossRef]

7. Wratil, P.R.; Schmacke, N.A.; Osterman, A.; Weinberger, T.; Rech, J.; Karakoc, B.; Zeilberger, M.; Steffen, J.; Mueller, T.T.; Spaeth,
P.M.; et al. In-depth profiling of COVID-19 risk factors and preventive measures in healthcare workers. Infection 2021. [CrossRef]

8. Skinner, C.S.; Tiro, J.; Champion, V.L. The Health Belief Model. In Health Behavior: Theory, Research, and Practice, 5th ed.;
Jossey-Bass/Wiley: Hoboken, NJ, USA, 2015; pp. 75–94.

9. Janz, N.K.; Becker, M.H. The Health Belief Model: A Decade Later. Health Educ. Q. 1984, 11, 1–47. [CrossRef] [PubMed]
10. Larson, H.J.; Jarrett, C.; Schulz, W.S.; Chaudhuri, M.; Zhou, Y.; Dube, E.; Schuster, M.; MacDonald, N.E.; Wilson, R.; SAGE Working

Group on Vaccine Hesitancy. Measuring vaccine hesitancy: The development of a survey tool. Vaccine 2015, 33, 4165–4175.
[CrossRef] [PubMed]

11. SAGE Working Group on Vaccine Hesitancy. Report of the SAGE Working Group on Vaccine Hesitancy; World Health Organization:
Geneva, Switzerland, 2014.

12. Klinikum der Universität München. Wir Über Uns. Available online: https://www.lmu-klinikum.de/das-klinikum/wir-uber-
uns/e6d6f2726cf17b4e (accessed on 25 May 2021).

13. Horster, S.; Andraschko, M.; Ostermann, H. Organisation eines innerklinischen Impfzentrums: Minutiöse Planung. Dtsch.
Ärzteblatt 2021, 118, 401–403.

14. Carpenter, C.J. A meta-analysis of the effectiveness of health belief model variables in predicting behavior. Health Commun. 2010,
25, 661–669. [CrossRef] [PubMed]

15. Prematunge, C.; Corace, K.; McCarthy, A.; Nair, R.C.; Pugsley, R.; Garber, G. Factors influencing pandemic influenza vaccination
of healthcare workers—A systematic review. Vaccine 2012, 30, 4733–4743. [CrossRef] [PubMed]

16. Wong, M.C.S.; Wong, E.L.Y.; Huang, J.; Cheung, A.W.L.; Law, K.; Chong, M.K.C.; Ng, R.W.Y.; Lai, C.K.C.; Boon, S.S.; Lau, J.T.F.;
et al. Acceptance of the COVID-19 vaccine based on the health belief model: A population-based survey in Hong Kong. Vaccine
2021, 39, 1148–1156. [CrossRef]

17. Wong, L.P.; Alias, H.; Wong, P.F.; Lee, H.Y.; AbuBakar, S. The use of the health belief model to assess predictors of intent to receive
the COVID-19 vaccine and willingness to pay. Hum. Vaccines Immunother. 2020, 16, 2204–2214. [CrossRef] [PubMed]

18. Jones, C.L.; Jensen, J.D.; Scherr, C.L.; Brown, N.R.; Christy, K.; Weaver, J. The Health Belief Model as an explanatory framework in
communication research: Exploring parallel, serial, and moderated mediation. Health Commun. 2015, 30, 566–576. [CrossRef]
[PubMed]

19. Ledda, C.; Costantino, C.; Cuccia, M.; Maltezou, H.C.; Rapisarda, V. Attitudes of Healthcare Personnel towards Vaccinations
before and during the COVID-19 Pandemic. Int. J. Environ. Res. Public Health 2021, 18, 2703. [CrossRef] [PubMed]

20. Gagneux-Brunon, A.; Detoc, M.; Bruel, S.; Tardy, B.; Rozaire, O.; Frappe, P.; Botelho-Nevers, E. Intention to get vaccinations
against COVID-19 in French healthcare workers during the first pandemic wave: A cross-sectional survey. J. Hosp. Infect. 2021,
108, 168–173. [CrossRef] [PubMed]

21. Di Gennaro, F.; Murri, R.; Segala, F.V.; Cerruti, L.; Abdulle, A.; Saracino, A.; Bavaro, D.F.; Fantoni, M. Attitudes towards Anti-
SARS-CoV2 Vaccination among Healthcare Workers: Results from a National Survey in Italy. Viruses 2021, 13, 371. [CrossRef]

22. Verger, P.; Scronias, D.; Dauby, N.; Adedzi, K.A.; Gobert, C.; Bergeat, M.; Gagneur, A.; Dubé, E. Attitudes of healthcare workers
towards COVID-19 vaccination: A survey in France and French-speaking parts of Belgium and Canada, 2020. Euro Surveill. Bull.
Eur. Sur Les Mal. Transm. Eur. Commun. Dis. Bull. 2021, 26, 2002047. [CrossRef] [PubMed]

https://www.who.int/news/item/23-12-2021-achieving-70-covid-19-immunization-coverage-by-mid-2022
https://www.who.int/news/item/23-12-2021-achieving-70-covid-19-immunization-coverage-by-mid-2022
http://doi.org/10.23750/abm.v90i9-S.8703
http://doi.org/10.1016/j.jiph.2017.09.002
http://www.ncbi.nlm.nih.gov/pubmed/28988776
http://doi.org/10.1016/j.vaccine.2016.10.042
http://www.ncbi.nlm.nih.gov/pubmed/27810314
http://doi.org/10.1016/j.ebiom.2015.06.018
http://www.ncbi.nlm.nih.gov/pubmed/26425696
http://doi.org/10.1111/j.1469-0691.2012.03941.x
http://doi.org/10.1007/s15010-021-01672-z
http://doi.org/10.1177/109019818401100101
http://www.ncbi.nlm.nih.gov/pubmed/6392204
http://doi.org/10.1016/j.vaccine.2015.04.037
http://www.ncbi.nlm.nih.gov/pubmed/25896384
https://www.lmu-klinikum.de/das-klinikum/wir-uber-uns/e6d6f2726cf17b4e
https://www.lmu-klinikum.de/das-klinikum/wir-uber-uns/e6d6f2726cf17b4e
http://doi.org/10.1080/10410236.2010.521906
http://www.ncbi.nlm.nih.gov/pubmed/21153982
http://doi.org/10.1016/j.vaccine.2012.05.018
http://www.ncbi.nlm.nih.gov/pubmed/22643216
http://doi.org/10.1016/j.vaccine.2020.12.083
http://doi.org/10.1080/21645515.2020.1790279
http://www.ncbi.nlm.nih.gov/pubmed/32730103
http://doi.org/10.1080/10410236.2013.873363
http://www.ncbi.nlm.nih.gov/pubmed/25010519
http://doi.org/10.3390/ijerph18052703
http://www.ncbi.nlm.nih.gov/pubmed/33800187
http://doi.org/10.1016/j.jhin.2020.11.020
http://www.ncbi.nlm.nih.gov/pubmed/33259883
http://doi.org/10.3390/v13030371
http://doi.org/10.2807/1560-7917.ES.2021.26.3.2002047
http://www.ncbi.nlm.nih.gov/pubmed/33478623


Vaccines 2022, 10, 1231 20 of 21

23. Shekhar, R.; Sheikh, A.B.; Upadhyay, S.; Singh, M.; Kottewar, S.; Mir, H.; Barrett, E.; Pal, S. COVID-19 Vaccine Acceptance among
Health Care Workers in the United States. Vaccines 2021, 9, 119. [CrossRef]

24. Qattan, A.M.N.; Alshareef, N.; Alsharqi, O.; Al Rahahleh, N.; Chirwa, G.C.; Al-Hanawi, M.K. Acceptability of a COVID-19
Vaccine among Healthcare Workers in the Kingdom of Saudi Arabia. Front. Med. 2021, 8, 644300. [CrossRef]

25. Kabamba Nzaji, M.; Kabamba Ngombe, L.; Ngoie Mwamba, G.; Banza Ndala, D.B.; Mbidi Miema, J.; Luhata Lungoyo, C.;
Lora Mwimba, B.; Cikomola Mwana Bene, A.; Mukamba Musenga, E. Acceptability of Vaccination against COVID-19 among
Healthcare Workers in the Democratic Republic of the Congo. Pragmat. Obs. Res. 2020, 11, 103–109. [CrossRef]

26. Wang, K.; Wong, E.L.Y.; Ho, K.F.; Cheung, A.W.L.; Chan, E.Y.Y.; Yeoh, E.K.; Wong, S.Y.S. Intention of nurses to accept coronavirus
disease 2019 vaccination and change of intention to accept seasonal influenza vaccination during the coronavirus disease 2019
pandemic: A cross-sectional survey. Vaccine 2020, 38, 7049–7056. [CrossRef] [PubMed]

27. Kwok, K.O.; Li, K.K.; Wei, W.I.; Tang, A.; Wong, S.Y.S.; Lee, S.S. Editor’s Choice: Influenza vaccine uptake, COVID-19 vaccination
intention and vaccine hesitancy among nurses: A survey. Int. J. Nurs. Stud. 2021, 114, 103854. [CrossRef] [PubMed]

28. Unroe, K.T.; Evans, R.; Weaver, L.; Rusyniak, D.; Blackburn, J. Willingness of Long-Term Care Staff to Receive a COVID-19
Vaccine: A Single State Survey. J. Am. Geriatr. Soc. 2021, 69, 593–599. [CrossRef]

29. Huynh, G.; Tran, T.; Nguyen, H.N.; Pham, L. COVID-19 vaccination intention among healthcare workers in Vietnam. Asian Pac. J.
Trop. Med. 2021, 14, 159. [CrossRef]

30. Deutsche Interdisziplinäre Vereinigung für Intensiv-und Notfallmedizin e.V. (DIVI). Pressemeldung: Mehr als 75 Prozent Wollen
Sich Gegen SARS-CoV-2 Impfen Lassen: Impfbereitschaft Unter Ärzten und Pflegekräften Gestiegen; DIVI: Berlin, Germany, 2021.

31. Robert Koch-Institut. KROCO—Die Krankenhausbasierte Online-Befragung zur COVID-19-Impfung. Ergebnisbericht zur Dritten
Befragungswelle 10.01.2022; Robert Koch-Institut: Berlin, Germany, 2022.

32. Robert Koch-Institut. KROCO—Die Krankenhausbasierte Online-Befragung zur COVID-19-Impfung. Ergebnisbericht Erste Welle 14. 07.
2021; Robert Koch-Institut: Berlin, Germany, 2021.

33. Robert Koch-Institut. KROCO—Die Krankenhausbasierte Online-Befragung zur COVID-19-Impfung. Ergebnisbericht Zweite Befra-
gungswelle 04. 10. 2021; Robert Koch-Institut: Berlin, Germany, 2021.

34. Verger, P.; Peretti-Watel, P. Understanding the determinants of acceptance of COVID-19 vaccines: A challenge in a fast-moving
situation. Lancet. Public Health 2021, 6, e195–e196. [CrossRef]

35. Maltezou, H.C.; Dedoukou, X.; Patrinos, S.; Maragos, A.; Poufta, S.; Gargalianos, P.; Lazanas, M. Determinants of intention to get
vaccinated against novel (pandemic) influenza A H1N1 among health-care workers in a nationwide survey. J. Infect. 2010, 61,
252–258. [CrossRef] [PubMed]

36. Bellia, C.; Setbon, M.; Zylberman, P.; Flahault, A. Healthcare worker compliance with seasonal and pandemic influenza
vaccination. Influenza Other Respir. Viruses 2013, 7 (Suppl S2), 97–104. [CrossRef] [PubMed]

37. Seale, H.; Kaur, R.; Wang, Q.; Yang, P.; Zhang, Y.; Wang, X.; Li, X.; Zhang, H.; Zhang, Z.; MacIntyre, C.R. Acceptance of a vaccine
against pandemic influenza A (H1N1) virus amongst healthcare workers in Beijing, China. Vaccine 2011, 29, 1605–1610. [CrossRef]

38. Vasilevska, M.; Ku, J.; Fisman, D.N. Factors associated with healthcare worker acceptance of vaccination: A systematic review
and meta-analysis. Infect. Control Hosp. Epidemiol. 2014, 35, 699–708. [CrossRef] [PubMed]

39. Woolf, K.; McManus, I.C.; Martin, C.A.; Nellums, L.B.; Guyatt, A.L.; Melbourne, C.; Bryant, L.; Gogoi, M.; Wobi, F.; Al-Oraibi, A.;
et al. Ethnic differences in SARS-CoV-2 vaccine hesitancy in United Kingdom healthcare workers: Results from the UK-REACH
prospective nationwide cohort study. Lancet Reg. Health Eur. 2021, 9, 100180. [CrossRef] [PubMed]

40. Harrison, J.A.; Mullen, P.D.; Green, L.W. A meta-analysis of studies of the Health Belief Model with adults. Health Educ. Res. 1992,
7, 107–116. [CrossRef] [PubMed]

41. Shahrabani, S.; Benzion, U.; Yom Din, G. Factors affecting nurses’ decision to get the flu vaccine. Eur. J. Health Econ. 2009, 10,
227–231. [CrossRef] [PubMed]

42. Ahmad, M.; Akande, A.; Majid, U. Health care provider trust in vaccination: A systematic review and qualitative meta-synthesis.
Eur. J. Public Health 2022, 32, 207–213. [CrossRef] [PubMed]

43. Lee, J.; Choi, J.; Britt, R.K. Social Media as Risk-Attenuation and Misinformation-Amplification Station: How Social Media
Interaction Affects Misperceptions about COVID-19. Health Commun. 2021, 1–11. [CrossRef] [PubMed]

44. Van Stekelenburg, A.; Schaap, G.; Veling, H.; Buijzen, M. Investigating and Improving the Accuracy of US Citizens’ Beliefs About
the COVID-19 Pandemic: Longitudinal Survey Study. J. Med. Internet Res. 2021, 23, e24069. [CrossRef]

45. Zeballos Rivas, D.R.; Lopez Jaldin, M.L.; Nina Canaviri, B.; Portugal Escalante, L.F.; Alanes Fernandez, A.M.C.; Aguilar Ticona,
J.P. Social media exposure, risk perception, preventive behaviors and attitudes during the COVID-19 epidemic in La Paz, Bolivia:
A cross sectional study. PLoS ONE 2021, 16, e0245859. [CrossRef]

46. Robert Koch-Institut. COVID-19-Impfquotenmonitoring in Deutschland als Einwanderungsgesellschaft (COVIMO-Fokuserhebung);
Robert Koch-Institut: Berlin, Germany, 2022.

47. Douven, I. A Bayesian perspective on Likert scales and central tendency. Psychon. Bull. Rev. 2018, 25, 1203–1211. [CrossRef]
[PubMed]

48. Paulhus, D.L. Measurement and control of response bias. In Measures of Personality and Social Psychological Attitudes; Robinson, J.P.,
Shaver, P.R., Wrightsman, L.S., Eds.; Academic Press: San Diego, CA, USA, 1991. [CrossRef]

49. Corinti, F.; Pontillo, D.; Giansanti, D. COVID-19 and the Infodemic: An Overview of the Role and Impact of Social Media, the
Evolution of Medical Knowledge, and Emerging Problems. Healthcare 2022, 10, 732. [CrossRef]

http://doi.org/10.3390/vaccines9020119
http://doi.org/10.3389/fmed.2021.644300
http://doi.org/10.2147/POR.S271096
http://doi.org/10.1016/j.vaccine.2020.09.021
http://www.ncbi.nlm.nih.gov/pubmed/32980199
http://doi.org/10.1016/j.ijnurstu.2020.103854
http://www.ncbi.nlm.nih.gov/pubmed/33326864
http://doi.org/10.1111/jgs.17022
http://doi.org/10.4103/1995-7645.312513
http://doi.org/10.1016/S2468-2667(21)00029-3
http://doi.org/10.1016/j.jinf.2010.06.004
http://www.ncbi.nlm.nih.gov/pubmed/20600304
http://doi.org/10.1111/irv.12088
http://www.ncbi.nlm.nih.gov/pubmed/24034493
http://doi.org/10.1016/j.vaccine.2010.12.077
http://doi.org/10.1086/676427
http://www.ncbi.nlm.nih.gov/pubmed/24799647
http://doi.org/10.1016/j.lanepe.2021.100180
http://www.ncbi.nlm.nih.gov/pubmed/34308406
http://doi.org/10.1093/her/7.1.107
http://www.ncbi.nlm.nih.gov/pubmed/10148735
http://doi.org/10.1007/s10198-008-0124-3
http://www.ncbi.nlm.nih.gov/pubmed/18781347
http://doi.org/10.1093/eurpub/ckab209
http://www.ncbi.nlm.nih.gov/pubmed/35021201
http://doi.org/10.1080/10410236.2021.1996920
http://www.ncbi.nlm.nih.gov/pubmed/34753361
http://doi.org/10.2196/24069
http://doi.org/10.1371/journal.pone.0245859
http://doi.org/10.3758/s13423-017-1344-2
http://www.ncbi.nlm.nih.gov/pubmed/28752379
http://doi.org/10.1016/B978-0-12-590241-0.50006-X
http://doi.org/10.3390/healthcare10040732


Vaccines 2022, 10, 1231 21 of 21

50. European Medicines Agency. AstraZeneca’s COVID-19 Vaccine: EMA Finds Possible Link to Very Rare Cases of Unusual Blood Clots
with Low Blood Platelets; European Medicines Agency: Amsterdam, The Netherlands, 2021.

51. Robert Koch-Institut. Epidemiologisches Bulletin; Robert Koch-Institut: Berlin, Germany, 2021.
52. Balakrishnan, V.; Ng, W.Z.; Soo, M.C.; Han, G.J.; Lee, C.J. Infodemic and fake news—A comprehensive overview of its global

magnitude during the COVID-19 pandemic in 2021: A scoping review. Int. J. Disaster Risk Reduct. 2022, 78, 103144. [CrossRef]
53. Bundesministerium für Gesundheit. Gesetz zur Stärkung der Impfprävention Gegen COVID-19 und zur Änderung Weiterer Vorschriften

im Zusammenhang mit der COVID-19-Pandemie; Gesundheit, B.F., Ed.; Bundesgesetzblatt: Bonn, Germany, 2021; p. 13.

http://doi.org/10.1016/j.ijdrr.2022.103144


6 Paper II 48 

6. Paper II
Zhelyazkova, A.; Adorjan, K.; Kim, S.; Klein, M.; Prueckner, S.; Kressirer, P.; 
Chouker, A.; Coenen, M.; Horster, S. Are We Prepared for the Next Pandemic? 
Management, Systematic Evaluation and Lessons Learned from an In-Hospital 
COVID-19 Vaccination Centre for Healthcare Workers. International journal of 
environmental research and pub-lic health 2022, 19, doi:10.3390/ijerph192316326. 



4.614

Article

Are We Prepared for the Next
Pandemic? Management,
Systematic Evaluation and Lessons
Learned from an In-Hospital
COVID-19 Vaccination Centre for
Healthcare Workers

Ana Zhelyazkova, Kristina Adorjan, Selina Kim, Matthias Klein, Stephan Prueckner, Philipp Kressirer,

Alexander Choukér, Michaela Coenen and Sophia Horster

Special Issue
The Burden of COVID-19 in Workers

Edited by

Prof. Dr. Albert Nienhaus, Dr. Gwen Brachman, Dr. Antoon De Schryver, Dr. William Buchta and

Dr. Acran Salmen-Navarro

https://doi.org/10.3390/ijerph192316326

https://www.mdpi.com/journal/ijerph
https://www.ncbi.nlm.nih.gov/pubmed/?term=1660-4601
https://www.mdpi.com/journal/ijerph/stats
https://www.mdpi.com/journal/ijerph/special_issues/COVID_WORKERS
https://www.mdpi.com
https://doi.org/10.3390/ijerph192316326


Citation: Zhelyazkova, A.; Adorjan,

K.; Kim, S.; Klein, M.; Prueckner, S.;

Kressirer, P.; Choukér, A.; Coenen, M.;

Horster, S. Are We Prepared for the

Next Pandemic? Management,

Systematic Evaluation and Lessons

Learned from an In-Hospital

COVID-19 Vaccination Centre for

Healthcare Workers. Int. J. Environ.

Res. Public Health 2022, 19, 16326.

https://doi.org/10.3390/

ijerph192316326

Academic Editors: Albert Nienhaus,

Gwen Brachman, Antoon De

Schryver, William Buchta and

Acran Salmen-Navarro

Received: 15 November 2022

Accepted: 2 December 2022

Published: 6 December 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Article

Are We Prepared for the Next Pandemic? Management,
Systematic Evaluation and Lessons Learned from an In-Hospital
COVID-19 Vaccination Centre for Healthcare Workers

Ana Zhelyazkova 1,* , Kristina Adorjan 2, Selina Kim 1 , Matthias Klein 3, Stephan Prueckner 1,

Philipp Kressirer 4, Alexander Choukér 5 , Michaela Coenen 6,7 and Sophia Horster 8,9

1 Institute of Emergency Medicine and Management in Medicine, University Hospital, Ludwig Maximilian
University of Munich, 80336 Munich, Germany

2 Department of Psychiatry and Psychotherapy, University Hospital Munich, Ludwig Maximilian University of
Munich, 80336 Munich, Germany

3 Department of Neurology, University Hospital Munich, Ludwig Maximilian University of Munich,
81377 Munich, Germany

4 Department of Communication and Media, University Hospital Munich, Ludwig Maximilian University of
Munich, 80336 Munich, Germany

5 Laboratory of Translational Research Stress and Immunity, Department of Anaesthesiology,
University Hospital Munich, Ludwig Maximilian University of Munich, 81377 Munich, Germany

6 Institute for Medical Information Processing, Biometry, and Epidemiology—IBE, Chair of Public Health and
Health Services Research, Ludwig Maximilian University of Munich, 81377 Munich, Germany

7 Pettenkofer School of Public Health, 81377 Munich, Germany
8 Department of Gastroenterology and Hepatology, University Hospital Munich, Ludwig Maximilian

University of Munich, 81377 Munich, Germany
9 Department of Commercial Directorate, University Hospital Munich, Ludwig Maximilian University of

Munich, 81377 Munich, Germany
* Correspondence: ana.zhelyazkova@med.uni-muenchen.de; Tel.: +49-89-4400-57101

Abstract: Background: the organisation of a COVID-19 vaccination campaign for healthcare workers

(HCWs) within a university hospital presents a challenge of a particularly large scale and urgency.

Here, we evaluate the in-hospital vaccination process and centre for HCWs at LMU University

Hospital in Munich, Germany. Methods: We executed a mixed-method process evaluation of the

vaccination centre at LMU University Hospital during the first COVID-19 vaccination campaign. In a

programme monitoring, we continuously assessed the implementation of the centre’s operational

management including personnel resources. In evaluating the outreach to and satisfaction of the

target group with the centre and process, we executed two anonymous surveys aimed at the HCWs

vaccinated at the in-hospital centre (1) as well as centre staff members (2). Results: staff numbers and

process time per person were reduced several times during the first vaccination campaign. Lessons

concerning appointment scheduling were learned. HCWs vaccinated at the in-hospital centre were

satisfied with the process. A longer waiting time between admission and inoculation, perceived

dissatisfying accessibility as well as an increased frequency of observed adverse events were linked to

a reduced satisfaction. Comparatively subpar willingness to adhere to non-pharmaceutical measures

was observed. Centre staff reported high satisfaction and a workload relatively equal to that of their

regular jobs. Our outcomes provide references for the implementation of an in-hospital vaccination

centre in similar settings.

Keywords: COVID-19; vaccination centre; healthcare workers; occupational health

1. Introduction

Vaccinations are among the most effective preventive measures against COVID-19 [1,2].
Once the first COVID-19 vaccines were approved by the European Union authorities, the
roll-out of the vaccination campaign in Germany began promptly and under a legally
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binding prioritisation [3,4]. With healthcare workers (HCWs) being among the top-priority
groups to be inoculated, the logistics and organisation of the vaccination campaign within
hospitals were mostly delegated to the hospitals themselves. In the state of Bavaria, a legal
framework between the state and the Bavarian Hospital Association was set to define the
scope and parameters of the hospitals’ mandate to coordinate the inoculations of their
employees [5].

As one of the largest hospitals in Germany, the Ludwig Maximilian University (LMU)
Hospital was faced with assembling a large-scale vaccination centre within days following
the authorisation of the first COVID-19 vaccines by the European Medicines Agency [4].
Due to the rapid setup of the vaccination centre and the lack of opportunity for pilot testing
the processes prior to implementation, there were no insights into how well the centre
would function. Furthermore, the organisation of a single vaccination centre under the
given prerequisites presented a sharp divergence from the established practices at the
hospital, where vaccination campaigns (e.g., against influenza) have been routinely set up in
a decentralised form with no need for a follow-up visit. Accordingly, it was uncertain how
this new form of a vaccination process for the LMU University Hospital would be perceived
by its employees and if there were any factors affecting the satisfaction with the process.

Therefore, this paper aims to explore the feasibility of the first-of-its-kind large-scale
COVID-19 vaccination centre at the LMU University hospital and assess managerial and
implementation aspects that may help facilitate the organisation of in-hospital vaccination
centres in similar settings, especially in the context of future outbreak prevention strategies.
Further, we analyse the satisfaction of HCWs with the vaccination process and identify
potential associated factors that can serve as guidance for the design of vaccination centres
for HCWs.

2. Materials and Methods

Within the scope of the LMU University Hospital as well as of this analysis, we define
all hospital employees, including non-medical hospital staff and medical students, as HCWs.
We present a process evaluation consisting of an appraisal of the vaccination centre’s
organisation. In addition, we executed 2 online-based anonymous surveys evaluating
the HCWs’ satisfaction with the organisation of the vaccinations process. The surveys
were part of an extensive evaluation of the whole vaccination campaign at LMU University
Hospital within the scope of the prospective study IMPFLMU with the first part of the project
exploring the COVID-19 vaccination intent and associated factors in HCWs (1 survey)
and the second part, presented here, with 2 surveys, focusing on the implementation of
the vaccination centre [6]. The results of the first part of the project have already been
published [6].

Of the 2 surveys presented here, one was aimed at HCWs who had received at least
1 inoculation (vaccinees) at the in-hospital centre, while the other one targeted HCWs
working as staff in the centre. The vaccination centre began operations on 28 December
2020, and remained open until 18 June 2021. This period constitutes the first vaccination
campaign against COVID-19 at the LMU University hospital, and is subject to the contents
of the following analyses.

2.1. Organisation and Programme Monitoring of the In-Hospital Vaccination Centre

The in-hospital vaccination centre was organised in accordance with the guidelines
provided by the Bavarian State Ministry of Health as well as with the recommendations
of the Bavarian State Office for Health and Food Safety [7,8]. The centre was set up as
a one-way street in a spacious, barrier-free area inside the main hospital building, with
separate entrances and exits allowing for an isolated flow for incoming and outgoing
vaccinees. There was no intersection with patient care. The space was equipped with a
secure network and telephone connection.

In the admission area located at the entrance, the vaccinees were registered and their
COVID-19 vaccination history and recovery status were prompted. Next, the inoculations
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were given in private cubicles mainly by physicians. Lastly, vaccinees were asked to rest for
15 min in the observation area, located near the emergency equipment and the nearest exit
to the emergency department. The vaccinations were prepared mainly by nursing staff and,
for hygienic reasons, outside the main area. Opening hours of the centre were from 9 am to
3 pm with occasional extension to 5 pm. We planned for up to 72 vaccinations per hour.

All HCWs were offered inoculation against COVID-19 in accordance with their profes-
sional risk of exposure and with the health authorities’ prioritisation scheme. During the
first vaccination campaign, the centre inoculated solely with the Comirnaty® vaccine [9].
The appointment scheduling was arranged using a HTML5 booking system by Mayflower
GmbH [10]. For any inquiries or comments concerning the vaccinations, an email address
was set up. Daily briefing and on-demand debriefing sessions allowed for continuous ad-
justments to the workflow of the centre. Numbers of vaccinees and large-scale amendments
of the centre´s organisation were discussed with the hospital board on a regular basis. The
vaccination centre’s documentation serves as reference for the final data following the end
of the campaign. Further details are reported elsewhere [11].

Here, we assess the first COVID-19 vaccination campaign (December 2020–June 2021)
at the LMU University hospital, taking into account documentation, observation and emails
addressed to the vaccination centre’s inbox.

2.2. Satisfaction with the Vaccination Process

The perception of the vaccination process and centre was evaluated within the scope
of the prospective study IMPFLMU [6]. For collecting data on the satisfaction with the vacci-
nation process, 2 questionnaires were created using LimeSurvey Version 4.4.12 + 210308.
Most items were measured with a 5-point Likert scale (1 (disagreement/dissatisfaction)–5
(agreement/satisfaction)). Both surveys cover the period of the first vaccination campaign
at the hospital (December 2020–June 2021) and were communicated by email as well as via
the designated intranet page of the project between 14.04.2021 and 30.06.2021. Participation
was voluntary and informed consent was obtained in electronic form.

Survey 1 was aimed at hospital employees with at least 1 COVID-19 shot at the
in-hospital vaccination centre. It assessed satisfaction with the vaccination process and
potentially associated factors. The design of the questionnaire was informed by the SAGE
Working Group’s guidance on vaccine hesitancy and consisted of 5 sections [12,13]. The
questionnaire was communicated via the designated intranet page and was available to the
target group between 14.04.2021 and 30.06.2021. The sociodemographic and occupational
characteristics of the cohort were tested for associations with the satisfaction with the
process as well as with the reported observations of adverse effects following immunization
(AEFIs). Statistically significant associations were considered for adjustment in the further
analyses. Further, we tested if and how the contextual influences and geographic barriers
affected the overall satisfaction with the vaccination process. As a variable for overall
satisfaction, we used the 5-point Likert scale item for “The vaccination process at LMU
Hospital was generally well organised”. We tested for an association between AEFIs
after the first and second vaccination dose and the general satisfaction with the process.
Further, we examined whether the individual AEFIs were associated with any of the
sociodemographic factors that showed significant association with the general observation
of AEFIs after the first and second vaccine inoculation. We examined the attitudes and
potential attitude changes towards COVID-19 non-pharmaceutical interventions using the
mean values and standard deviation of the answers on the 5-point Likert scale, including
Cronbach’s Alpha for reliability testing.

Survey 2 targeted employees that had worked at the in-hospital vaccination centre
since 2020. The design of the questionnaire was informed primarily by the evaluation
needs of the hospital and consisted of 4 sections: general organisation and perception of
the vaccination process, information about the vaccination process and sociodemographic
data. The questionnaire was distributed by the vaccination centre’s management team
to a mailing list including all persons on the centre’s duty roster. The questionnaire was
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available between 14.04.2021 and 30.06.2021. Due to the restricted sample size of the
vaccination centre staff, we limited the analysis to a descriptive report including the mean
values and standard deviation of Likert scale variables as well as Cronbach’s Alpha for
reliability testing.

3. Results

3.1. Programme Monitoring of the In-Hospital Vaccination Centre

3.1.1. Vaccinations, Personnel and No-Show Rates

Between December 2020 and June 2021, we administered 20,250 vaccine doses
amongst the 11,005 active and permanent employees, of which 13,790 (68%) were given
to female HCWs, consistent with the higher proportion of women among hospital staff.
There were no serious incidents or adverse events after immunization. Vasovagalre-
actions or near-syncopes were the most common incidents, with a frequency of about
1:1000 vaccinations.

Organisational adjustments were required during the campaign and within the course
of continuous resource evaluation, which referred especially to the personnel manage-
ment, due to an initial overestimation of staff and time needed per inoculation. Within
the first days, we recognised that only five instead of ten minutes per inoculation were
needed. This allowed for a substantial reduction of the physicians needed for vaccinations
from 12 to 6 per 72 scheduled vaccinees per hour. We also switched from a voluntary
deployment system to requesting medical staff from individual departments with sup-
port from the executive board of the hospital. With growing experience of the staff and
decreased need for consultation concerning safety and side effects, we were able to further
reduce the inoculation time to 4 minutes, which summed up to 5 vaccinating physicians
per 72 scheduled vaccinees/hour, including a 30 min break for each physician. We also
found that the consultant who initially used to be permanently on-site as the centre’s
manager for emergencies and medical inquiries was needed for occasional telephone
consultations only.

Administration was initially covered by eight employees and was also reduced, first
to six, and later to five employees, similar to the medical personnel adjustments. The time
needed to process a registration for vaccination summed up to four minutes per patient as
well. Further, the preparation of the vaccinations equated to 2.5 min per dose and required
a total of 3 people daily. Lastly, one additional person acted as on-site operation manager,
monitoring and directing the processes, onboarding new employees and coordinating
organisational problems and logistics. In total, 14 employees covered the vaccination centre
on site. Administration and vaccine preparation were each supervised on demand by a
designated person. Other staff needed for work in the vaccinations centre´s environment,
such as cleaning, security, IT, logistics and engineering staff, should be taken into account.

The finalised layout of the vaccination centre is presented in Figure 1.
We documented no-show and extra-show rates on a daily basis. We observed a

maximum no-show rate of 5.8% for the first shot and 5.2% for the second shot. Further, we
aimed to accommodate HCWs with an impromptu inquiry, i.e., without an appointment.
This occurred mostly at the beginning or end of a vaccination days’ series, with a maximum
of 10.5% extra-shows for the first, and 12.1% for the second vaccination. Ultimately, we
performed a mean of 70 vaccinations/hour (range: 49–84/h). In addition, many HCWs
presented at the beginning or after their working hours, as well as during their lunch breaks,
independently from the time their appointment was scheduled for. As these HCWs would
present within the day they had been scheduled, the irregularity was not documented as
no-show or extra-show, but, nevertheless, led to unequal distribution of the work load for
the staff on site.

3.1.2. Administrative Organisation

The vaccination appointment booking was initially set up with a low-barrier digital
environment without special requirements for personal authorisation via login data. This
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method swiftly proved to be error-prone, thus triggering an adjustment of the system to-
wards booking via personalised login and automatic generation of the second appointment
as well as an appointment confirmation via SMS. The follow-up (second) appointment was
scheduled in accordance with the recommendations by the German Standing Committee on
Vaccination (STIKO) and the Federal Institute for Vaccines and Biomedicines (PEI) [14,15].
The hospital’s employees were continuously informed about any changes or adaptations to
the recommendations as well as to the vaccination process via the hospital’s designated
intranet page and via newsletter. A detailed evaluation of the communication campaign
and tools implemented at the LMU University hospital is published elsewhere [6].

 

Figure 1. Spatial structure and procedural organisation of the in-hospital vaccination centre of
LMU University Hospital after implementing the discussed adaptations to personnel management
(December 2020–June 2021).

The email set up for inquiries received up to 80 messages/day (approx. 0.7% of
employees). The questions or messages were medical in around 20% of cases, and organ-
isational, e.g., related to scheduling, in approx. 80% of cases. Initially, medical inquiries
referred mainly to safety and expected side effects of the vaccine, while later on, reports of
assumed and observed AEFIs as well as questions related to individual diseases, pregnancy,
breastfeeding and COVID-19 antibodies dominated. The frequently adapted recommen-
dations regarding the intervals between inoculations as well as between inoculations and
SARS-CoV-2 infection were a source of numerous inquiries. The answers to organisational
inquiries as well as the administrative work initiating from these inquiries was mainly
covered by one person from the hospital’s administration staff while medical inquiries
were handled by the centre’s manager as a medical expert.

3.2. Satisfaction with the Vaccination Centre and Process by Vaccinees

Of 11,005 employees, 1662 participated in the survey for vaccinees. Of those, 1035 filled
out the questionnaire in full (Table 1). We observed a high satisfaction rate both with the
centre as well as with the process—the individual results are presented in below.

The initial testing showed a significant association of age and sex with the reported
satisfaction as well as with the observation of AEFIs after the first and second inoculation.
Similarly, occupation showed a significant association with satisfaction and reported AEFIs
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after the first vaccination dose. Variables with significant associations in the initial testing
were used for further analyses in the adjusted models.

3.2.1. Satisfaction with the Process and Vaccine-Specific Issues

The four items for general satisfaction with the vaccination process as well as the nine
items for the satisfaction with the individual aspects of the vaccination process demon-
strated good reliability (Table 2).

The better fitting unadjusted model showed a link between satisfaction with the vac-
cination process and accessibility of the vaccination centre and waiting time. Vaccinees
dissatisfied with the location of the vaccination centre had a 9.542 higher likelihood of
perceiving the vaccination process as rather ill-organised. Further, vaccinees who only
partially agreed that the vaccination centre was well accessible had a 5.519 higher like-
lihood of perceiving the vaccination process as partially ill-organised. Similarly, HCWs
not willing to travel over 1 h to the vaccination centre had a 9.502 higher likelihood of
perceiving the vaccination process as rather ill-organised (Table 2). Vaccinees that reported
a shorter waiting time between registration and inoculation were less likely to perceive the
vaccination process as ill-organised. The overall duration of the visit to the vaccination
centre did not present any significant association with the satisfaction.

3.2.2. Satisfaction with the Provided Information Sources Prior to Inoculation

We measured the satisfaction of participants with the written information provided
upon inoculation (Figure 2). All forms of provided written information demonstrated
a satisfactory result, with mean values around “4” (“very helpful”). The four items on
satisfaction with medical consultation were only available to those participants who re-
ported that they had requested such consultation upon inoculation (n = 177). The items for
perceived safety and confidence with the vaccination process provided similarly consistent
results at the upper end of the Likert scale.

3.2.3. COVID-19 Health Behaviour following COVID-19 Vaccination

We measured the attitudes and attitude changes towards COVID-19 non-pharmaceutical
interventions (NPI) after receiving both vaccine doses (Figure 3). All items demonstrated
high mean values, i.e., participants were in agreement with the statements. Solely the
statement that NPIs should apply in 2022 demonstrated a tendency to the middle.

3.2.4. Observed Adverse Events following Immunization (AEFIs)

There was a weak significant association between experiencing AEFIs after the first
inoculation and reporting a lower satisfaction with the process (Table 3). The data showed
weak yet significant associations of increasing age and less frequent observation of pain
at the injection site and onset of a known migraine within 24 h after the first vaccination.
Regarding the second dose, there were more significant associations following the analo-
gous path: pain at the injection site, fatigue, flu-like symptoms, headache, onset of known
migraine within 24 h and circulatory weakness demonstrated to be significantly more often
observed by younger participants.

3.3. Satisfaction of the Vaccination Centre Staff with the Process and Organisation of the
Vaccination Campaign

Overall, 74 vaccination centre staff members participated in the survey, with 54 of
them filling out the questionnaire in full (Table 1). Here, we also observed a high satisfac-
tion rate.

The satisfaction of the staff was measured with seven items, where the majority
presented a consistent mean above 4.50 (Figure 4). The item for information provision
during induction was the only one with a lower mean value and a comparably broad
standard deviation (4.28 ± 0.97935).
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Figure 2. Individual and group influences: health providers’ information quality and helpfulness
during the vaccination process as perceived by the vaccinees—written information (α = 0.892),
medical consultation upon inoculation (α = 0.844) and perceived safety and confidence with the
vaccination process (α = 0.753). Mean values, standard deviation of the answers on the five-point
Likert scale and Cronbach’s Alpha.
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Table 1. Sociodemographic and occupational data of surveyed HCWs vaccinated at the in-hospital centre as well as of surveyed vaccination centre staff. Potential
factors were tested for association with satisfaction with a chi-square test.

LMU University Hospital Staff Vaccinated at the In-Hospital Vaccination Centre Vaccination Centre Staff ◦

n % Satisfaction with Vaccination Process AEFIs Following 1st Vaccine AEFIs Following 2nd Vaccine n %

Age *

p < 0.001 p < 0.001 p < 0.001

<29 years 188 14.2 4 7.4
30–39 years 297 22.5 9 16.7
40–59 years 269 20.3 13 24.1
50–69 years 367 27.8 21 38.9
>60 years 189 14.3 7 13.0

No answer 12 0.9 0 -

Sex **

p = 0.027 p < 0.001 p < 0.001Male 318 24.1 20 37.0
Female 1001 75.7 34 63.0
Other 3 0.2 0 -

Education

p = 0.314 p = 0.219 p = 0.583

Secondary/elementary school 31 2.3 1 1.9
Middle school 198 15.0 7 13.0

High school/technical diploma 222 16.8 9 16.7
Vocational training 278 21.0 2 3.7

Academic degree (bachelor) 94 7.1 1 1.9
Academic degree (master’s/diploma) 203 15.4 4 7.4
Academic degree (doctorate or higher) 274 20.7 30 55.6

Other training 21 1.6 0 -
No diploma 1 0.1 0 -

Occupation (dichotomous) ***
p = 0.006 p = 0.012 p = 0.124Medical staff 784 59.3 31 57.4

Non-medical staff 538 40.7 23 42.6

Work with COVID-19 patients ****
p = 0.916 p = 0.123 p = 0.699Yes 213 16.1 53 98.1

No 1109 83.9 1 1.9

All 1322 54◦

* Age group distribution at LMU University Hospital: <29 years = 22.85%, 30–39 years = 29.11%, 40–59 years = 18.78%, 50–69 years = 20.89%, >60 years = 8.37%. The answer option
“No answer” was excluded from the analysis as to not disturb the interpretation of the outcome. ** Sex distribution at LMU University Hospital: Female = 66.3%, Male = 33.7%.
*** Occupational distribution at LMU University Hospital: Medical staff = 45.4%, non-medical staff = 54.6%. ◦ Of the 54 vaccination centre staff members, 47 had signed up voluntarily to
support the centre and 7 had been assigned by their department heads; the 54 staff members had the following roles (multiple choice): admission and documentation (n = 4), preparation
of the vaccination doses (n = 13), carrying out the inoculation (n = 30), follow-up of the vaccinated employees (n = 3), senior physician (n = 12), varying role (n = 4). **** Mean number of
weeks = 23.25 (SD = 22.04, 1–60 weeks). The question was only available to fill out by participants who had selected “yes” to having had worked at a designated COVID-19 unit or
with COVID-19 patients. Further, 22 participants answered that they had been working sporadically with COVID-19 patients. In addition to the mean number of weeks, there were
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22 participants who reported to have occasionally worked with COVID-19 patients without providing a specific number of weeks. Of the vaccination centre staff,
only 1 HCW had worked with COVID-19 patients for a total amount of 4 weeks.

Table 2. Frequency distribution of the satisfaction of LMU Hospital’s employees with the vaccination centre and contextual influences and geographic barriers
affecting the overall satisfaction with the vaccination centre tested with multinomial logistic regression (unadjusted model presented, ◦).

To What Extent Do You Agree with the following Statements? (In Absolute Numbers)

General satisfaction
α = 0.801

Disagree Rather disagree Partly agree Rather agree Agree

The vaccination process at LMU Hospital was generally well organised. 12 10 64 222 1014
The registration and vaccination process were well organised. 15 27 83 239 958

The different stations in the vaccination centre were logically arranged. 7 8 17 175 1115
The vaccination appointment was easy to organise. 26 38 107 246 905

Satisfaction with the individual aspects of the vaccination process
α = 0.808

Disagree Rather disagree Partly agree Rather agree Agree

Prioritisation of departments to be vaccinated 16 82 203 517 504
Availability of the vaccine 28 160 409 400 325

Organisation of appointment booking 13 53 116 438 702
Scheduling of the administration of the second vaccination dose (availability of appointment options) 9 29 97 328 859

Process of registration at the vaccination centre 5 32 107 417 761
Possibility of a medical consultation at the vaccination centre 7 21 209 352 733

Preparation of the vaccine doses 4 6 222 278 812
Inoculation 5 7 37 266 1007

Follow-up after the inoculation 6 43 306 434 533

The vaccination process at LMU Hospital was generally well organised. (item used for testing of
general satisfaction)

To what extent do you agree with the following statements? Disagree/rather disagree Partly agree Rather agree/agree (ref.)

Location
α = 0.164

AIC = 77.531 BIC = 129.400

n
(RR; p-value)

n
(RR; p-value)

n

The vaccination centre at the LMU hospital was easily accessible in terms of location

Disagree/Rather disagree
8

(9.542; 0.000)
11

(5.519; 0.000)
51

Partly agree
2

(1.478; 0.616)
7

(1.492; 0.339)
111

Rather agree/agree (ref.) 12 46 1074
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Table 2. Cont.

To What Extent Do You Agree with the following Statements? (In Absolute Numbers)

Even if it had taken me over 1 h to get there to receive the vaccine, I would still have taken the time to get there.

Disagree/rather disagree
7

(9.502; 0.000)
0 38

Partly agree
1

(1.568; 0.669)
5

(1.775; 0.241)
58

Rather agree/agree (ref.) 14 59 1140

Waiting time *
α = 0.706AIC = 94.242 BIC = 166.699

Disagree/rather disagree Partly agree Rather agree/agree (ref.)

How long was the waiting time from registration at the vaccination centre until you received the inoculation?
n

(RR; p-value)
n

(RR; p-value)
n

Less than 10 min
5

(0.027; 0.000)
34

(0.565; 0.473)
696

Between 10 and 20 min
8

(0.100; 0.006)
20

(0.453; 0.315)
437

Between 20 and 30 min
2

(0.234; 0.112)
6

(0.991; 0.991)
65

Over 30 min (ref.) 6 3 29
I cannot remember 1 1 9

How much time did you spend at the LMU Hospital vaccination centre in total?

Less than 30 min
8

(0.846; 0.856)
23

(0.507; 0.411)
570

Between 30 and 45 min
7

(0.427; 0.331)
32

(0.806; 0.785)
520

Between 45 and 60 min
1

(0.107; 0.054)
6

(0.437; 0.316)
119

Over 1 h (ref.) 5 3 23
I cannot remember 1 0 4

* For the purposes of this analysis the answer option “I cannot remember” was removed as to not disrupt the statistics. The confidence intervals were removed for better readability.
◦ Multinomial logistic regression model. The models adjusted for age, sex and occupation did not present a significant association with the satisfaction and were therefore not preferred
for the further analyses performed.
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α
α

α

αFigure 3. Attitudes and attitude changes towards COVID-19 non-pharmaceutical interventions
(α = 0.687). Mean values, standard deviation of the answers on the five-point Likert scale and
Cronbach’s Alpha.
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 Figure 4. Cont.
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Figure 4. Satisfaction of the vaccination centre staff with the overall organisation of the centre,
including spatial-structural layout. Mean values, standard deviation of the answers on the five-point
Likert scale and Cronbach’s Alpha.

Similarly, the nine items for spatial arrangement and staff management demonstrated
comparable consistency, with all items presenting mean values above 4.0 (Figure 4). The
lowest mean value referred to the individual’s perception of preparedness in emergency
cases (4.19 ± 0.89177).

The eight items on the quality and helpfulness of the information delivered throughout
the process also demonstrated consistent mean values above 4.0 (Figure 5). The item with
the lowest mean value and broadest standard deviation referred to the written form on
data consent (4.07 ± 1.00662).
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Figure 5. Cont.
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Figure 5. Perception of the vaccination centre staff of the information provision prior to inoculation.
Mean values, standard deviation of the answers on the five-point Likert scale and Cronbach’s Alpha.

Further, we asked staff members about their perception of the vaccinees’ knowledge-
ability regarding COVID-19 vaccines (Figure 5). The five items demonstrated low internal
reliability, where the item with the lowest mean value on the Likert scale referred to
the perception if vaccinees had questions about the vaccine process prior to inoculation
(3.13 ± 0.99140).

The 10 items for satisfaction with the working atmosphere showed consistent mean
values (Figure 6). Only the two items comparing the workload at the vaccination centre
with that in the regular jobs of staff members demonstrated particularly low mean values,
indicating that the workload was neither lower nor higher than that at the regular workplace
of staff members (3.56 ± 1.26888, respectively, 2.1852 ± 1.06530).

αFigure 6. Satisfaction with the working atmosphere at the vaccination centre (α = 0.705). Mean values,
standard deviation of the answers on the five-point Likert scale and Cronbach’s Alpha.
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Table 3. Adverse events following immunization observed and reported by vaccinees.

Effect of the Observation of AEFIs on the General Satisfaction + RR, p-Value

Did you observe any adverse reactions after the first vaccination dose?—Yes (n = 676) −0.479, 0.001

Did you observe any adverse reactions after the second vaccination dose?—Yes (n = 924) −0.052, 0.745

AEFIs following 1st Vaccine *
n = 687

Intensity of adverse reaction Age ◦ Sex ** ◦◦ Occupation (med vs. non-med) ◦◦

n Not at all Very mild Mild Strong Very strong
Kendall Tau

p-value
Cramér’s V

p-value
Cramér’s V

p-value

Pain at the injection site 591 21 96 185 186 103
−0.090

p = 0.004
0.153

p = 0.008
0.099

p = 0.212

Redness 571 415 91 44 14 7
−0.008

p = 0.413
p = 0.178 ◦ p = 0.163 ◦

Haematoma 566 509 25 16 12 4
−0.010

p = 0.393
p = 0.377 ◦ p = 0.689 ◦

Fatigue 581 193 103 115 91 79
0.013

p = 0.347
0.130

p = 0.044
0.113

p = 0.115

Flu-like symptoms (e.g., aching limbs, chills) 568 392 74 42 25 35
0.021

p = 0.283
0.088

p = 0.357
0.039

p = 0.933

Headache 578 331 79 73 48 47
−0.046

p = 0.094
0.105

p = 0.179
p = 0.540

Known migraine (triggering of an attack within 24 h) 561 533 7 7 4 10
−0.069

p = 0.035
p = 1.000 ◦ p = 0.878 ◦

Known tension headache (triggering an attack within 24 h) 556 521 13 8 5 9
−0.015

p = 0.350
p = 0.297 ◦ p = 0.367 ◦

Dizziness/balance problems 568 468 45 29 15 11
0.026

p = 0.244
p = 0.168 ◦

0.123
p = 0.071

Circulatory weakness 567 496 35 18 10 8
−0.033

p = 0.192
p = 0.246 ◦ p = 0.949 ◦

Fever ≥ 38 ◦C 568 518 21 11 8 10
−0.038

p = 0.153
p = 0.060 p = 0.065 ◦

Nausea, vomiting 569 523 22 14 5 5
0.058

p = 0.063
p = 0.511 ◦ p = 0.877 ◦

Diarrhoea 563 525 23 6 6 3
0.056

p = 0.068
p = 0.789 ◦ p = 0.501 ◦
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Table 3. Cont.

Effect of the Observation of AEFIs on the General Satisfaction + RR, p-Value

AEFIs following 2nd Vaccine *
n = 935

n Not at all Very mild Mild Strong Very strong Age Sex ** ◦ -

Pain at the injection site 827 64 217 255 170 121
−0.155

p < 0.001
0.142

p = 0.002
-

Redness 795 595 115 52 15 18
0.011

p = 0.361
p = 0.137 ◦ -

Haematoma 786 714 37 16 11 9
−0.014

p = 0.326
p = 0.018 ◦ -

Fatigue 820 97 87 175 216 246
−0.054

p = 0.029
0.129

p = 0.009
-

Flu-like symptoms (e.g., aching limbs, chills) 796 269 103 103 133 189
−0.090

p = 0.001
0.131

p = 0.009
-

Headache 807 287 117 141 127 135
−0.091

p = 0.001
0.192

p < 0.001
-

Known migraine (triggering of an attack within 24 h) 764 710 11 7 14 22
−0.065

p = 0.022
p = 0.629 ◦ -

Known tension headache (triggering an attack within 24 h) 769 670 20 14 35 30
0.002

p = 0.477
p = 0.018 ◦ -

Dizziness/balance problems 792 582 71 55 51 33
−0.047

p = 0.064
0.147

p = 0.002
-

Circulatory weakness 781 600 76 50 38 18
−0.050

p = 0.055
0.133

p = 0.008
-

Fever ≥ 38 ◦C 778 538 54 57 58 71
−0.064

p = 0.018
0.078

p = 0.312
-

Nausea,
vomiting

794 671 47 35 25 16
0.032

p = 0.150
p = 0.004 ◦ -

Diarrhoea 781 705 28 24 14 10
0.035

p = 0.134
p = 0.448 ◦ -

+ Ordinal regression for an association between AEFIs after the first and second vaccination dose and the general satisfaction with the process. The unadjusted model was preferred for
interpretation because in the model adjusted for age, sex and occupation 52.1% of the cells were with zero frequencies. The reference group for both items is “No”. * Excluded from the
analysis are adverse events that were additionally added by participants under the category “others”. After the first vaccine, 85 participants reported experiencing “other” AEFIs; after
the second vaccine, the reports of “other” adverse events were 143. ** For the purposes of this analysis, we have excluded the item “other” (n = 3) as it would not permit the execution of
the test. n = 1319 (Nmissing = 3). ◦ Kendall Tau correlation test. ◦◦ Chi-square test (Cramér’s V coefficient). For sex and occupation, the Fisher’s exact test p-value is reported where the
expected cell count of 20% or more of the cells is lower than 5.



Int. J. Environ. Res. Public Health 2022, 19, 16326 16 of 21

4. Discussion

To our knowledge, this paper provides the first published insights into the organisation
and evaluation of a large-scale in-hospital vaccination centre in Germany on the basis of
the experience gathered through implementing and operating a COVID-19 vaccination
campaign for 11,005 HCWs.

4.1. Organisation of the Vaccination Centre—Implementation Considerations

The currently available literature concerned with the topic of organising a COVID-19
vaccination centre is still narrow and mainly concerned with mass vaccination sites for
the general population [16–18]. As there is a rather limited body of evidence specifically
on the organisation of COVID-19 large-scale or mass vaccination centres in hospitals, and
specifically for HCWs, our results allow only for a narrow contextual observation.

The number of vaccine doses inoculated in the centre every day corresponds to the rate
in the COVID-19 hospital-based or mass vaccination sites [16,19,20]. It should, however,
be noted that our centre operated, even in its initial phase, with a rather limited number
of personnel for the inoculations compared to the centres described in the literature so far.
This is ascribed to the strictly defined dimension of the target group (HCWs vs. population-
wide) as well as to the zero-sum nature of the centre’s roster management with physicians
consequently being unavailable to provide health care for patients when assigned to the
vaccination centre. However, the time needed per vaccinee as well as the time that vaccinees
spent in the centre on average compares to the indicators of population-wide COVID-19
and non-COVID-19 mass vaccination sites [16,20]. It is noteworthy that the vaccination
centre described deployed a larger number of physicians as vaccination staff compared to
public vaccination centres with a larger proportion of nursing staff or medical assistants.
This reflects the staff structure of a university hospital. Nevertheless, this instance might
have influenced the satisfaction of the HCWs with the vaccination process.

Further considering personnel management, planning and scheduling staff on a vol-
untary basis assumes a certain degree of predictability and neglects motivation loss over
time, as observed at the beginning of the first campaign. We therefore recommend the later
adopted option of a planned roster, as this allows for better reliability. Additionally, the
arrival of vaccinees at specific times of the day should lead to further adjustments in the
personnel planning in the future, in order to cover the bottleneck timeslots more efficiently.
Further, as other case studies have pointed out, an onsite manager who continuously moni-
tors and, as appropriate, adapts the workflow, is highly beneficial to the agile management
required in the setting [19].

The lessons learned during the first vaccination campaign, especially concerning per-
sonnel, facilitated the setup of the second vaccination phase (October–December 2021), to
the extent that we were able to offer a mean of 17 influenza shots/hour (range: 3–32 shots),
in addition to COVID-19 inoculations, without staff changes. However, no-show rates
rose rapidly, to almost 16% (no extra-shows), likely reflecting several factors specific to the
second vaccination campaign: as this period coincided with a sharp rise in SARS-CoV-2
incidence, it is possible that many HCWs had to delay their scheduled vaccination due
to an infection [21]; further, this period encompassed several adaptations of the vaccina-
tion recommendations that might have interfered with one’s eligibility or motivation for
receiving a vaccine [22]; lastly, the prioritisation of vaccinations was lifted at the end of the
first vaccination campaign, which may have influenced the accessibility to appointments in
other vaccination centres preferred by the hospital’s employees due to their temporal or
geographical convenience compared to the in-hospital centre [23].

4.2. Satisfaction with the Vaccination Process

Our findings indicate a direct association between the accessibility of a vaccine and
the satisfaction with the vaccination process. Especially regarding geographical barriers,
the results emphasise the need to improve access and reduce physical impediments even
among vaccine-receptive populations. Although the Vaccine Hesitancy Matrix observes
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the contextual influences independently from the vaccination-specific issues, our findings
accentuate the benefit of considering those simultaneously, as geographical and temporal
barriers may serve as guidance in the design of vaccination programmes [13]. Admitting
the possibility of debate on convenience as a factor in hesitancy models, its effect on the
satisfaction with the process and, potentially, future willingness to vaccinate, needs to
be addressed in order to increase vaccine uptake, even when the respective campaign is
organised at the workplace [24–26]. This is a particularly relevant aspect in the context
of our centre’s organisation, as many HCWs working outside the main campus had to
plan for additional travelling time to and from the vaccination centre. Even if our results
show that the large majority of HCWs were willing to travel longer than 1 h to receive their
inoculation(s), this outcome should only be considered in the context of limited access to
vaccines outside of the hospital’s centre during this period of time in the population-wide
vaccination campaign. This especially concerns employee groups that were scheduled
for vaccination later on in the campaign, e.g., HCWs without direct patient contact, in
administrative or other non-medical positions. Furthermore, the observed association
between accessibility and satisfaction indicates a potential issue of providing vaccinations
in a single centralised centre rather than in a decentralised form covering all locations of
the hospital. Looking ahead, and specifically for settings similar to the LMU University
hospital, it would be advisable to systematically explore the advantages and disadvantages
of a centralised vs. decentralised vaccination supply including the preferences of HCWs.
The factors affecting the satisfaction with the COVID-19 vaccination centre can serve as a
reference in these future analyses.

In a similar manner, there is a need for consideration of the experience of AEFIs as a
factor potentially influencing COVID-19 vaccine-related decisions in the future, as vaccine
adaptation and emerging variants of concern may pose the need for further COVID-19
large-scale and mass vaccination campaigns [27]. The factors affecting the satisfaction with
the vaccination process indicated by our results need to be taken into account in subsequent
research attempts, as these may generally alter the circumstances and arguments in future
vaccine-related decision-making processes by HCWs [12]. Specifically, further examination
should be focused on whether the AEFI-related experience after a COVID-19 vaccination
could affect any future decisions on receiving another COVID-19 inoculation but also
vaccinations against other infectious diseases. This constitutes a crucial topic for research, in
view of the HCWs’ influential gatekeeping role for vaccine uptake in the general population,
e.g., via provider-based interventions [28–30]. Additionally, our results show that the AEFI
experience following an inoculation significantly affects the satisfaction with the setting
where the inoculation has taken place. This potential confounder should be accounted
for in future evaluations of vaccination programs and campaigns. The frequency and
distribution of AEFIs reported by participants in our survey are consistent with previously
reported data in a comparable setting and population [31].

In terms of COVID-19 behaviour, our results present referential data to the first
questionnaire of the IMPFLMU project which examined this topic several months prior to
the surveys presented here. The overall adherence to the extension of NPI at the hospital
confirms the data from the first questionnaire that showed an association between a positive
vaccination status and rather agreeing to the extension of the NPIs validity beyond 2021
incl. PCR testing [6]. However, although this aspect was not explicitly examined in the
survey, a shift in the attitude towards not extending NPIs’ validity may be hypothesised.
This is especially to be considered against the background of the surveys presented here
taking place several weeks after the first survey on vaccine hesitancy. Additionally, the
questionnaires presented here were available to the target groups in a time period with a
higher rate of fully vaccinated HCWs at the LMU University hospital and a lower incidence
of SARS-CoV-2 in the general population; hence, participants may have considered the
vaccination against COVID-19 as a sufficient preventive measure in the future as well [21].
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Further, the results presented here underline the outcomes of the first questionnaire
stating that HCWs with a positive vaccination status are less worried about getting infected
with SARS-CoV-2 in their personal or professional environment [6].

The overall satisfaction of the vaccination centre staff and the perception of the work-
load as neither lower nor higher than usual testify to the fidelity of the implementation.
Similar to the report of De Micco et al., our results indicate a strong sense of team spirit and
commitment by the centre’s staff, hence underlining the role of leadership and personnel
management beyond the formative fulfilment of the required tasks [19]. This aspect is par-
ticularly crucial for consideration upon implementing a human resource strategy based on
planned duty roster, as Hrehova et al. report a relatively higher incidence of self-reported
burnout symptoms among HCWs assigned to work at a mass vaccination centre as part of
their regular jobs rather than voluntarily [32].

4.3. Limitations

Several limitations need to be considered when interpreting the results of this work.
It is uncertain whether the described personnel management can be transferred to

other hospitals or settings, especially regarding the number of physicians instead of medical
assistants or nursing staff involved, which rather reflects the staff structure of a university
hospital than the requirements of vaccination centres. Still, our results provide an indication
of the human resources needed for a large-scale vaccination centre, where the majority of
the roles may also be assigned to other HCWs with similar qualifications to perform the
given tasks, e.g., planning for five qualified medical assistants instead of five physicians to
execute the inoculations.

In terms of administrative support, it should be noted that due to the rapid setup,
the initial email inquiries were only partially saved, hence we can only provide a general
assessment of number and content rather than a detailed analysis.

Both surveys were available to the target groups for approx. 2 months, thus not
covering the complete period of the vaccination campaign. Changes in attitude towards
COVID-19 vaccines could have potentially been driven by newly distributed information,
adaptations of the recommended vaccination scheme, prioritisation or other factors but
were not considered in the survey design. Further, the consistently high uniformity of
answers to a majority of the questions did not allow for a meaningful and powerful
inferential analysis, hence reducing the evaluation to a rather descriptive report. In terms
of design it should be noted that the high satisfaction reported by participants may in
part be due to an acquiescence bias despite the specific definition of the middle-point in
the Likert scale to every item, or other response biases [33]. Further, although our results
reflect the evidence on AEFI observation and age, other potentially related factors were
beyond the framework of this analysis [34]. Additionally, we need to note the limited
response to the survey for vaccinees. As this was the second survey of the IMPFLMU project,
it can be hypothesised that the weaker response could be partially owing to a depleted
motivation of HCWs to participate in COVID-19 vaccination surveys. To a certain extent,
this hypothesis could be broadened to include a general exhaustion with the topic, since
COVID-19 was the predominant issue at the LMU University Hospital and beyond during
the period of the survey. Further, the voluntary design of the survey certainly accounts for
low participation. We acknowledge that a different or an addition dissemination approach
might have facilitated the participation in both surveys: an example of such a strategy
would have been to promote the surveys on site using posters presenting a QR code and/or
link to both surveys.

In terms of representativeness, the age and sex distribution of participants in the survey
for vaccinees is similar to the distribution in the whole target population, thus making the
results fairly representative for the HCWs inoculated at the in-hospital vaccination centre.

As a long-term observation was outside of the scope of this evaluation, the displayed
outcome lacks information on potential fluctuations of the perception of the vaccination
centre and process. That is to be considered against the background of limited vaccine
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availability at the beginning of the campaign and gradually increasing availability subse-
quently. However, we feel that a follow-up data collection would not have been meaningful
due to the fast-paced changes in recommended inoculated vaccines as well in the general
pandemic situation that may have implied further confounding factors which one could
have not accounted for.

Nevertheless, our work presents valuable insights into the specifics of organising
and managing a large-scale in-hospital vaccination centre. As other studies have showed,
HCW vaccination campaigns require a tailored yet accessible and agile approach in order
to facilitate the uptake of vaccines [35]. A German-wide analysis of in-hospital COVID-19
vaccination has previously highlighted the accessibility to appointments as well as com-
munication as particularly important aspects in designing a vaccination campaign among
hospital-based HCWs [36,37]. The comprehensive description of the hospital’s centre
as well as the outcomes of its evaluation provide important guidance towards planning,
implementing and assessing similar campaigns in comparable settings and contexts.

5. Conclusions

Implementing and managing a large-scale in-hospital vaccination campaign requires
a specific focus on the geographical and temporal accessibility of the vaccination centre.
An agile personnel management is necessary both in terms of the centre staff as well as on
the hospital-wide level, as demands may rapidly change and AEFIs may noticeably affect
the working ability of vaccinated HCWs, which may, in turn, affect the provision of care
to patients. The potential effect of self-reported AEFI experiences following a COVID-19
vaccination on future decisions on vaccination uptake may represent a particularly relevant
topic for research. Additionally, self-reported AEFIs following inoculation need to be
considered as a confounding variable in the evaluation of the satisfaction with vaccination
campaigns and programs, as these appear to significantly affect the perception of the setting
where the respective inoculation has taken place. Regardless of the high effectiveness of
vaccinations, campaigns among HCWs should still aim to facilitate the adherence to non-
pharmaceutical preventive measures such as wearing a mask, testing regularly, and other
personal hygiene standards. This is a crucial factor to be considered in occupational health
promotion, as our results underline the need for a strategically selected and tactically
implemented set of measures that facilitate the achievement of a paramount goal rather
than observing and evaluating a single measure. Future research should aim to examine
health promotion campaigns in occupational settings as a whole and observe potential
interactive and inversely proportional coherences between the adherences to different
health promotional activities.

Author Contributions: Conceptualization, A.Z., K.A., S.K., M.K., P.K., A.C., M.C. and S.H.;
methodology, A.Z., S.K. and S.H.; software, S.P.; validation, S.K.; formal analysis, A.Z. and S.H.;
investigation, A.Z. and S.H.; resources, S.P. and K.A.; data curation, A.Z. and S.H.; writing—original
draft preparation, A.Z. and S.H.; writing—review and editing, K.A., S.K., M.K., P.K., A.C., M.C. and
S.H.; visualization, A.Z.; supervision, K.A. and S.P.; project administration, A.Z. and S.P.; funding
acquisition, S.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The surveys were conducted in accordance with the
Declaration of Helsinki and were reviewed and approved by the ethics committee of the medical
faculty at LMU Munich, Germany (Project number: 21-0123).

Informed Consent Statement: Informed consent was obtained by all participants in an electronic
form. Filling out the questionnaire was possible only after agreeing to the data usage notice approved
by the Data Protection Officer of the LMU University Hospital.

Data Availability Statement: The presented survey data in this study are available on request from
the corresponding author. The data are not publicly available due to the data protection policy of the
LMU University Hospital.



Int. J. Environ. Res. Public Health 2022, 19, 16326 20 of 21

Acknowledgments: We sincerely thank all survey participants for taking the time to provide us with
such valuable insights and helping us better understand how a vaccination campaign in a university
hospital setting can be improved. We express our deepest gratitude to all HCWs of LMU University
hospital for their devoted work since the beginning of the COVID-19 pandemic. The authors thank
Joanna M. Meyer for meticulously proofreading this manuscript.

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

References

1. Suwono, B.; Steffen, A.; Schweickert, B.; Schonfeld, V.; Brandl, M.; Sandfort, M.; Willrich, N.; Eckmanns, T.; Haller, S. SARS-CoV-2
outbreaks in hospitals and long-term care facilities in Germany: A national observational study. Lancet Reg. Health Eur. 2022,
14, 100303. [CrossRef] [PubMed]

2. Labetoulle, R.; Detoc, M.; Gagnaire, J.; Berthelot, P.; Pelissier, C.; Fontana, L.; Botelho-Nevers, E.; Gagneux-Brunon, A. COVID-19
in health-care workers: Lessons from SARS and MERS epidemics and perspectives for chemoprophylaxis and vaccines. Expert

Rev. Vaccines 2020, 19, 937–947. [CrossRef] [PubMed]
3. Bundesministerium für Gesundheit. Verordnung zum Anspruch auf Schutzimpfung Gegen das Coronavirus SARS-CoV-2. (Coronavirus-

Impfverordnung–CoronaImpfV); BAnz AT 08.02.2021 V1; Bundesministerium der Justiz und für Verbraucherschutz: Bonn, Germany,
2021; p. 8.

4. European Medicines Agency. EMA Recommends First COVID-19 Vaccine for Authorisation in the EU. Available online:
https://www.ema.europa.eu/en/news/ema-recommends-first-covid-19-vaccine-authorisation-eu (accessed on 10 May 2022).

5. Bayerische Krankenhausgesellschaft; Freistaat Bayern. Rahmenvereinbarung Zwischen der Bayerische Krankenhausgesellschaft

e.V. (BKG) und dem Freistaat Bayern; Bayerisches Staatsministerium für Gesundheit und Pflege: Munich, Germany, 2020;
Available online: https://www.bkg-online.de/media/mediapool_BKG/02_infos-services/BIK-Impfportal/2021.01.28
_Rahmenvereinbarung_BKG.pdf (accessed on 13 June 2022).

6. Zhelyazkova, A.; Kim, S.; Klein, M.; Prueckner, S.; Horster, S.; Kressirer, P.; Choukér, A.; Coenen, M.; Adorjan, K. COVID-19
Vaccination Intent, Barriers and Facilitators in Healthcare Workers: Insights from a Cross-Sectional Study on 2500 Employees at
LMU University Hospital in Munich, Germany. Vaccines 2022, 10, 1231. [CrossRef] [PubMed]

7. Musterhygieneplan Impfzentren Stand 23.03.2021. Bayerisches Landesamt für Gesundheit und Lebensmittelsicherheit. Bay-
erisches Landesamt für Gesundheit und Lebensmittelsicherheit: Munich, Germany, 2021.

8. Bayerisches Staatsministerium für Gesundheit und Pflege. Leitfaden COVID-19 Impfstellen. Grundbausteine zur Organisation von

COVID-19 Impfungen in zentralen Impfstellen; Bayerisches Staatsministerium für Gesundheit und Pflege: Munich, Germany, 2020.
9. European Medicines Agency; Comirnaty. Tozinameran / COVID-19 mRNA Vaccine (Nucleoside Modified). Available online:

https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty#product-information-section (accessed on 13 June 2022).
10. Mayflower GmbH. Public-Health-Informatics-Munich/COVID19-Teststation-Termine. Available online: https://github.com/

Public-Health-Informatics-Munich/covid19-teststation-termine (accessed on 14 July 2022).
11. Horster, S.; Andraschko, M.; Ostermann, H. Organisation Eines Innerklinischen Impfzentrums: Minutiöse Planung. Available

online: https://www.aerzteblatt.de/archiv/218037/Organisation-eines-innerklinischen-Impfzentrums-Minutioese-Planung
(accessed on 24 March 2022).

12. Larson, H.J.; Jarrett, C.; Schulz, W.S.; Chaudhuri, M.; Zhou, Y.; Dube, E.; Schuster, M.; MacDonald, N.E.; Wilson, R.; Hesitancy,
S.W.G.o.V. Measuring vaccine hesitancy: The development of a survey tool. Vaccine 2015, 33, 4165–4175. [CrossRef] [PubMed]

13. SAGE Working Group on Vaccine Hesitancy. Report of the SAGE Working Group on Vaccine Hesitancy; World Health Organization:
Geneva, Switzerland, 2014.

14. Robert Koch-Institut. Ständige Impfkommission (STIKO). Available online: https://www.rki.de/DE/Content/Kommissionen/
STIKO/stiko_node.html (accessed on 8 April 2022).

15. Paul-Ehrlich-Institut. Coronavirus and COVID-19. Available online: https://www.pei.de/EN/newsroom/dossier/coronavirus/
coronavirus-content.html;jsessionid=A2894E806B1009528A4440E64130C611.intranet231 (accessed on 7 May 2022).

16. Gianfredi, V.; Moretti, M.; Lopalco, P.L. Countering vaccine hesitancy through immunization information systems, a narrative
review. Hum. Vaccines Immunother. 2019, 15, 2508–2526. [CrossRef]

17. Brambilla, A.; Mangili, S.; Macchi, M.; Trucco, P.; Perego, A.; Capolongo, S. COVID-19 Massive Vaccination Center Layouts. Acta

Bio-Med. Atenei Parm. 2021, 92, e2021446. [CrossRef]
18. Goralnick, E.; Kaufmann, C.; Gawande, A.A. Mass-Vaccination Sites—An Essential Innovation to Curb the COVID-19 Pandemic.

N. Engl. J. Med. 2021, 384, e67. [CrossRef]
19. De Micco, F.; De Benedictis, A.; Sommella, L.; Di Mattia, A.; Campanozzi, L.L.; Alloni, R.; Tambone, V. Vaccines Administration

in the Perspective of Patient Safety and Quality of Healthcare: Lesson from the Experience of an Italian Teaching Hospital for
Pandemic Preparedness. Vaccines 2022, 10, 1495. [CrossRef]

20. Hsiao, S.H.; Huang, S.J.; Huang, C.Y. Vaccination Strategies at a COVID-19 Mass Vaccination Site. Int. J. Health Policy Manag.

2022, 11, 1981–1982. [CrossRef]

http://doi.org/10.1016/j.lanepe.2021.100303
http://www.ncbi.nlm.nih.gov/pubmed/35043103
http://doi.org/10.1080/14760584.2020.1843432
http://www.ncbi.nlm.nih.gov/pubmed/33107353
https://www.ema.europa.eu/en/news/ema-recommends-first-covid-19-vaccine-authorisation-eu
https://www.bkg-online.de/media/mediapool_BKG/02_infos-services/BIK-Impfportal/2021.01.28_Rahmenvereinbarung_BKG.pdf
https://www.bkg-online.de/media/mediapool_BKG/02_infos-services/BIK-Impfportal/2021.01.28_Rahmenvereinbarung_BKG.pdf
http://doi.org/10.3390/vaccines10081231
http://www.ncbi.nlm.nih.gov/pubmed/36016119
https://www.ema.europa.eu/en/medicines/human/EPAR/comirnaty#product-information-section
https://github.com/Public-Health-Informatics-Munich/covid19-teststation-termine
https://github.com/Public-Health-Informatics-Munich/covid19-teststation-termine
https://www.aerzteblatt.de/archiv/218037/Organisation-eines-innerklinischen-Impfzentrums-Minutioese-Planung
http://doi.org/10.1016/j.vaccine.2015.04.037
http://www.ncbi.nlm.nih.gov/pubmed/25896384
https://www.rki.de/DE/Content/Kommissionen/STIKO/stiko_node.html
https://www.rki.de/DE/Content/Kommissionen/STIKO/stiko_node.html
https://www.pei.de/EN/newsroom/dossier/coronavirus/coronavirus-content.html;jsessionid=A2894E806B1009528A4440E64130C611.intranet231
https://www.pei.de/EN/newsroom/dossier/coronavirus/coronavirus-content.html;jsessionid=A2894E806B1009528A4440E64130C611.intranet231
http://doi.org/10.1080/21645515.2019.1599675
http://doi.org/10.23750/abm.v92iS6.12229
http://doi.org/10.1056/NEJMp2102535
http://doi.org/10.3390/vaccines10091495
http://doi.org/10.34172/ijhpm.2022.6881


Int. J. Environ. Res. Public Health 2022, 19, 16326 21 of 21

21. Robert Koch-Institut. Robert Koch-Institut: COVID-19-Dashboard. Auswertungen Basierend auf den aus den Gesundheitsämtern
Gemäß IfSG übermittelten Meldedaten. Available online: https://experience.arcgis.com/experience/478220a4c454480e823b173
27b2bf1d4 (accessed on 7 April 2022).

22. Ständige Impfkommission (STIKO). STIKO-Empfehlung zur COVID-19-Impfung. Available online: https://www.rki.de/DE/
Content/Infekt/Impfen/ImpfungenAZ/COVID-19/Impfempfehlung-Zusfassung.html (accessed on 30 March 2022).

23. Bundesministerium für Gesundheit. Impf-Priorisierung Aufgehoben. Available online: https://www.bundesregierung.de/breg-
de/themen/coronavirus/corona-impfung-priorisierung-entfaellt-1914756 (accessed on 14 November 2022).

24. Thomson, A.; Robinson, K.; Vallee-Tourangeau, G. The 5As: A practical taxonomy for the determinants of vaccine uptake. Vaccine

2016, 34, 1018–1024. [CrossRef]
25. Halliday, L.; Thomson, J.A.; Roberts, L.; Bowen, S.; Mead, C. Influenza vaccination of staff in aged care facilities in the ACT: How

can we improve the uptake of influenza vaccine? Aust. N. Z. J. Public Health 2003, 27, 70–75. [CrossRef] [PubMed]
26. Bedford, H.; Attwell, K.; Danchin, M.; Marshall, H.; Corben, P.; Leask, J. Vaccine hesitancy, refusal and access barriers: The need

for clarity in terminology. Vaccine 2018, 36, 6556–6558. [CrossRef] [PubMed]
27. European Medicines Agency. EMA Recommends Approval of Second Adapted Spikevax Vaccine. Available online:

https://www.ema.europa.eu/en/news/ema-recommends-approval-second-adapted-spikevax-vaccine#:~{}:text=The%20
adapted%20vaccine%2C%20Spikevax%20bivalent,EMA%20has%20recommended%20for%20approval. (accessed on 20 Octo-
ber 2022).

28. Dube, E.; Gagnon, D.; MacDonald, N.E.; SAGE Working Group on Vaccine Hesitancy. Strategies intended to address vaccine
hesitancy: Review of published reviews. Vaccine 2015, 33, 4191–4203. [CrossRef] [PubMed]

29. Paterson, P.; Meurice, F.; Stanberry, L.R.; Glismann, S.; Rosenthal, S.L.; Larson, H.J. Vaccine hesitancy and healthcare providers.
Vaccine 2016, 34, 6700–6706. [CrossRef] [PubMed]

30. Kassianos, G.; Kuchar, E.; Nitsch-Osuch, A.; Kyncl, J.; Galev, A.; Humolli, I.; Falup-Pecurariu, O.; Thomson, A.; Klein, C.;
Vallée-Tourangeau, G. Motors of influenza vaccination uptake and vaccination advocacy in healthcare workers: A comparative
study in six European countries. Vaccine 2018, 36, 6546–6552. [CrossRef]

31. Vigezzi, G.P.; Lume, A.; Minerva, M.; Nizzero, P.; Biancardi, A.; Gianfredi, V.; Odone, A.; Signorelli, C.; Moro, M. Safety
surveillance after BNT162b2 mRNA COVID-19 vaccination: Results from a cross-sectional survey among staff of a large Italian
teaching hospital. Acta Bio-Med. Atenei Parm. 2021, 92, e2021450. [CrossRef]

32. Hrehova, L.; Seifert, B.; de Sire, A.; Mezian, K. Physicians perceptions of working in mass vaccination sites during COVID-19
pandemic. Bratisl. Lek. Listy 2022, 123, 470–474. [CrossRef]

33. Nadler, J.T.; Weston, R.; Voyles, E.C. Stuck in the middle: The use and interpretation of mid-points in items on questionnaires. J.

Gen. Psychol. 2015, 142, 71–89. [CrossRef]
34. Goda, K.; Kenzaka, T.; Yahata, S.; Okayama, M.; Nishisaki, H. Association between Adverse Reactions to the First and Second

Doses of COVID-19 Vaccine. Vaccines 2022, 10, 1232. [CrossRef] [PubMed]
35. Kim, M.H.; Son, N.H.; Park, Y.S.; Lee, J.H.; Kim, D.A.; Kim, Y.C. Effect of a hospital-wide campaign on COVID-19 vaccination

uptake among healthcare workers in the context of raised concerns for life-threatening side effects. PLoS ONE 2021, 16, e0258236.
[CrossRef]

36. Mardiko, A.A.; Heinemann, S.; Bludau, A.; Kaba, H.E.J.; Leha, A.; von Maltzahn, N.; Mutters, N.T.; Leistner, R.; Mattner, F.;
Scheithauer, S. COVID-19 vaccination strategy for hospital staff in Germany: A cross-sectional study in March-April 2021. J. Hosp.

Infect. 2022, 126, 87–92. [CrossRef] [PubMed]
37. Robert Koch-Institut. KROCO-die Krankenhausbasierte Online-Befragung zur COVID-19-Impfung. Ergebnisbericht Erste Welle.

Available online: https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Projekte_RKI/KROCO.html (accessed
on 16 July 2021).

https://experience.arcgis.com/experience/478220a4c454480e823b17327b2bf1d4
https://experience.arcgis.com/experience/478220a4c454480e823b17327b2bf1d4
https://www.rki.de/DE/Content/Infekt/Impfen/ImpfungenAZ/COVID-19/Impfempfehlung-Zusfassung.html
https://www.rki.de/DE/Content/Infekt/Impfen/ImpfungenAZ/COVID-19/Impfempfehlung-Zusfassung.html
https://www.bundesregierung.de/breg-de/themen/coronavirus/corona-impfung-priorisierung-entfaellt-1914756
https://www.bundesregierung.de/breg-de/themen/coronavirus/corona-impfung-priorisierung-entfaellt-1914756
http://doi.org/10.1016/j.vaccine.2015.11.065
http://doi.org/10.1111/j.1467-842X.2003.tb00383.x
http://www.ncbi.nlm.nih.gov/pubmed/14705271
http://doi.org/10.1016/j.vaccine.2017.08.004
http://www.ncbi.nlm.nih.gov/pubmed/28830694
https://www.ema.europa.eu/en/news/ema-recommends-approval-second-adapted-spikevax-vaccine#:~{}:text=The%20adapted%20vaccine%2C%20Spikevax%20bivalent,EMA%20has%20recommended%20for%20approval.
https://www.ema.europa.eu/en/news/ema-recommends-approval-second-adapted-spikevax-vaccine#:~{}:text=The%20adapted%20vaccine%2C%20Spikevax%20bivalent,EMA%20has%20recommended%20for%20approval.
http://doi.org/10.1016/j.vaccine.2015.04.041
http://www.ncbi.nlm.nih.gov/pubmed/25896385
http://doi.org/10.1016/j.vaccine.2016.10.042
http://www.ncbi.nlm.nih.gov/pubmed/27810314
http://doi.org/10.1016/j.vaccine.2018.02.031
http://doi.org/10.23750/abm.v92iS6.12217
http://doi.org/10.4149/BLL_2022_073
http://doi.org/10.1080/00221309.2014.994590
http://doi.org/10.3390/vaccines10081232
http://www.ncbi.nlm.nih.gov/pubmed/36016120
http://doi.org/10.1371/journal.pone.0258236
http://doi.org/10.1016/j.jhin.2022.05.012
http://www.ncbi.nlm.nih.gov/pubmed/35623468
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Projekte_RKI/KROCO.html


References 71 

References 

1. Wratil, P.R.; Schmacke, N.A.; Osterman, A.; Weinberger, T.; Rech, J.; Karakoc,
B.; Zeilberger, M.; Steffen, J.; Mueller, T.T.; Spaeth, P.M.; et al. In-depth
profiling of COVID-19 risk factors and preventive measures in healthcare
workers. Infection 2021, doi:10.1007/s15010-021-01672-z.

2. Andre, F.E.; Booy, R.; Bock, H.L.; Clemens, J.; Datta, S.K.; John, T.J.; Lee,
B.W.; Lolekha, S.; Peltola, H.; Ruff, T.A.; et al. Vaccination greatly reduces
disease, disability, death and inequity worldwide. Bulletin of the World Health
Organization 2008, 86, 140-146, doi:10.2471/blt.07.040089.

3. Watson, O.J.; Barnsley, G.; Toor, J.; Hogan, A.B.; Winskill, P.; Ghani, A.C.
Global impact of the first year of COVID-19 vaccination: a mathematical
modelling study. The Lancet. Infectious diseases 2022, 22, 1293-1302,
doi:10.1016/S1473-3099(22)00320-6.

4. World Health Organization. Achieving 70% COVID-19 Immunization Coverage
by Mid-2022. Available online: https://www.who.int/news/item/23-12-2021-
achieving-70-covid-19-immunization-coverage-by-mid-2022 (accessed on
10.01.2022). 

5. Troiano, G.; Nardi, A. Vaccine hesitancy in the era of COVID-19. Public health
2021, 194, 245-251, doi:10.1016/j.puhe.2021.02.025.

6. Renzi, E.; Baccolini, V.; Migliara, G.; Bellotta, C.; Ceparano, M.; Donia, P.;
Marzuillo, C.; De Vito, C.; Villari, P.; Massimi, A. Mapping the Prevalence of
COVID-19 Vaccine Acceptance at the Global and Regional Level: A Systematic
Review and Meta-Analysis. Vaccines (Basel) 2022, 10,
doi:10.3390/vaccines10091488.

7. Lin, C.; Tu, P.; Beitsch, L.M. Confidence and Receptivity for COVID-19
Vaccines: A Rapid Systematic Review. Vaccines (Basel) 2020, 9,
doi:10.3390/vaccines9010016.

8. Sallam, M. COVID-19 Vaccine Hesitancy Worldwide: A Concise Systematic
Review of Vaccine Acceptance Rates. Vaccines (Basel) 2021, 9,
doi:10.3390/vaccines9020160.

9. SAGE Working Group on Vaccine Hesitancy. Report of the SAGE Working
Group on Vaccine Hesitancy; World Health Organization: 2014.

10. MacDonald, N.E. Vaccine hesitancy: Definition, scope and determinants.
Vaccine 2015, 33, 4161-4164, doi:10.1016/j.vaccine.2015.04.036.

11. Larson, H.J.; Jarrett, C.; Eckersberger, E.; Smith, D.M.; Paterson, P.
Understanding vaccine hesitancy around vaccines and vaccination from a
global perspective: a systematic review of published literature, 2007-2012.
Vaccine 2014, 32, 2150-2159, doi:10.1016/j.vaccine.2014.01.081.

12. Hussain, H.; McGeer, A.; McNeil, S.; Katz, K.; Loeb, M.; Simor, A.; Powis, J.;
Langley, J.; Muller, M.; Coleman, B.L. Factors associated with influenza
vaccination among healthcare workers in acute care hospitals in Canada.

https://www.who.int/news/item/23-12-2021-achieving-70-covid-19-immunization-coverage-by-mid-2022
https://www.who.int/news/item/23-12-2021-achieving-70-covid-19-immunization-coverage-by-mid-2022


References 72 

Influenza and other respiratory viruses 2018, 12, 319-325, 
doi:10.1111/irv.12545. 

13. Dini, G.; Toletone, A.; Sticchi, L.; Orsi, A.; Bragazzi, N.L.; Durando, P. Influenza
vaccination in healthcare workers: A comprehensive critical appraisal of the
literature. Human vaccines & immunotherapeutics 2018, 14, 772-789,
doi:10.1080/21645515.2017.1348442.

14. Wilson, R.; Scronias, D.; Zaytseva, A.; Ferry, M.A.; Chamboredon, P.; Dubé, E.;
Verger, P. Seasonal influenza self-vaccination behaviours and attitudes among
nurses in Southeastern France. Human vaccines & immunotherapeutics 2019,
15, 2423-2433, doi:10.1080/21645515.2019.1587274.

15. Shahrabani, S.; Benzion, U.; Yom Din, G. Factors affecting nurses' decision to
get the flu vaccine. Eur J Health Econ 2009, 10, 227-231, doi:10.1007/s10198-
008-0124-3.

16. Prematunge, C.; Corace, K.; McCarthy, A.; Nair, R.C.; Pugsley, R.; Garber, G.
Factors influencing pandemic influenza vaccination of healthcare workers--a
systematic review. Vaccine 2012, 30, 4733-4743,
doi:10.1016/j.vaccine.2012.05.018.

17. Seale, H.; Kaur, R.; Wang, Q.; Yang, P.; Zhang, Y.; Wang, X.; Li, X.; Zhang, H.;
Zhang, Z.; MacIntyre, C.R. Acceptance of a vaccine against pandemic influenza
A (H1N1) virus amongst healthcare workers in Beijing, China. Vaccine 2011,
29, 1605-1610, doi:10.1016/j.vaccine.2010.12.077.

18. Blasi, F.; Aliberti, S.; Mantero, M.; Centanni, S. Compliance with anti-H1N1
vaccine among healthcare workers and general population. Clinical
microbiology and infection : the official publication of the European Society of
Clinical Microbiology and Infectious Diseases 2012, 18 Suppl 5, 37-41,
doi:10.1111/j.1469-0691.2012.03941.x.

19. Bellia, C.; Setbon, M.; Zylberman, P.; Flahault, A. Healthcare worker
compliance with seasonal and pandemic influenza vaccination. Influenza and
other respiratory viruses 2013, 7 Suppl 2, 97-104, doi:10.1111/irv.12088.

20. Vasilevska, M.; Ku, J.; Fisman, D.N. Factors associated with healthcare worker
acceptance of vaccination: a systematic review and meta-analysis. Infection
control and hospital epidemiology 2014, 35, 699-708, doi:10.1086/676427.

21. Subramaniam, D.P.; Baker, E.A.; Zelicoff, A.P.; Elliott, M.B. Factors Influencing
Seasonal Influenza Vaccination Uptake in Emergency Medical Services
Workers: A Concept Mapping Approach. Journal of community health 2016, 41,
697-706, doi:10.1007/s10900-015-0144-8.

22. Kassianos, G.; Kuchar, E.; Nitsch-Osuch, A.; Kyncl, J.; Galev, A.; Humolli, I.;
Falup-Pecurariu, O.; Thomson, A.; Klein, C.; Vallée-Tourangeau, G. Motors of
influenza vaccination uptake and vaccination advocacy in healthcare workers: A
comparative study in six European countries. Vaccine 2018, 36, 6546-6552,
doi:10.1016/j.vaccine.2018.02.031.

23. Paterson, P.; Meurice, F.; Stanberry, L.R.; Glismann, S.; Rosenthal, S.L.;
Larson, H.J. Vaccine hesitancy and healthcare providers. Vaccine 2016, 34,
6700-6706, doi:10.1016/j.vaccine.2016.10.042.



References 73

24. Alabbad, A.A.; Alsaad, A.K.; Al Shaalan, M.A.; Alola, S.; Albanyan, E.A.
Prevalence of influenza vaccine hesitancy at a tertiary care hospital in Riyadh,
Saudi Arabia. Journal of infection and public health 2018, 11, 491-499,
doi:10.1016/j.jiph.2017.09.002.

25. Czajka, H.; Czajka, S.; Biłas, P.; Pałka, P.; Jędrusik, S.; Czapkiewicz, A. Who
or What Influences the Individuals' Decision-Making Process Regarding
Vaccinations? International journal of environmental research and public health
2020, 17, doi:10.3390/ijerph17124461.

26. Bartos, V.; Bauer, M.; Cahlikova, J.; Chytilova, J. Communicating doctors'
consensus persistently increases COVID-19 vaccinations. Nature 2022, 606,
542-549, doi:10.1038/s41586-022-04805-y.

27. Rambout, L.; Tashkandi, M.; Hopkins, L.; Tricco, A.C. Self-reported barriers and
facilitators to preventive human papillomavirus vaccination among adolescent
girls and young women: a systematic review. Preventive medicine 2014, 58, 22-
32, doi:10.1016/j.ypmed.2013.10.009.

28. Qiu, X.; Bailey, H.; Thorne, C. Barriers and Facilitators Associated With Vaccine
Acceptance and Uptake Among Pregnant Women in High Income Countries: A
Mini-Review. Frontiers in immunology 2021, 12, 626717,
doi:10.3389/fimmu.2021.626717.

29. Nowak, G.J.; Gellin, B.G.; MacDonald, N.E.; Butler, R.; Hesitancy, S.W.G.o.V.
Addressing vaccine hesitancy: The potential value of commercial and social
marketing principles and practices. Vaccine 2015, 33, 4204-4211,
doi:10.1016/j.vaccine.2015.04.039.

30. Suwono, B.; Steffen, A.; Schweickert, B.; Schonfeld, V.; Brandl, M.; Sandfort,
M.; Willrich, N.; Eckmanns, T.; Haller, S. SARS-CoV-2 outbreaks in hospitals
and long-term care facilities in Germany: a national observational study. Lancet
Reg Health Eur 2022, 100303, doi:10.1016/j.lanepe.2021.100303.

31. Trujillo, X.; Mendoza-Cano, O.; Rios-Silva, M.; Huerta, M.; Guzman-Esquivel,
J.; Benites-Godinez, V.; Lugo-Radillo, A.; Bricio-Barrios, J.A.; Cardenas-Rojas,
M.I.; Rios-Bracamontes, E.F.; et al. Predictors of Recurrent Laboratory-
Confirmed Symptomatic SARS-CoV-2 Infections in a Cohort of Healthcare
Workers. Vaccines (Basel) 2023, 11, doi:10.3390/vaccines11030626.

32. Fobiwe, J.P.; Martus, P.; Poole, B.D.; Jensen, J.L.; Joos, S. Influences on
Attitudes Regarding COVID-19 Vaccination in Germany. Vaccines (Basel)
2022, 10, doi:10.3390/vaccines10050658.

33. Zhelyazkova, A.; Fischer, P.M.; Thies, N.; Schrader-Reichling, J.S.; Kohlmann,
T.; Adorjan, K.; Huith, R.; Jauch, K.W.; Pruckner, S.M. COVID-19 management
at one of the largest hospitals in Germany: Concept, evaluation and adaptation.
Health Serv Manage Res 2023, 36, 63-74, doi:10.1177/09514848221100752.

34. Qattan, A.M.N.; Alshareef, N.; Alsharqi, O.; Al Rahahleh, N.; Chirwa, G.C.; Al-
Hanawi, M.K. Acceptability of a COVID-19 Vaccine Among Healthcare Workers
in the Kingdom of Saudi Arabia. Frontiers in Medicine 2021, 8,
doi:10.3389/fmed.2021.644300.

35. Kabamba Nzaji, M.; Kabamba Ngombe, L.; Ngoie Mwamba, G.; Banza Ndala,
D.B.; Mbidi Miema, J.; Luhata Lungoyo, C.; Lora Mwimba, B.; Cikomola Mwana
Bene, A.; Mukamba Musenga, E. Acceptability of Vaccination Against COVID-



References 74 

19 Among Healthcare Workers in the Democratic Republic of the Congo. 
Pragmat Obs Res 2020, 11, 103-109, doi:10.2147/POR.S271096. 

36. Huynh, G.; Tran, T.; Nguyen, H.N.; Pham, L. COVID-19 vaccination intention
among healthcare workers in Vietnam. Asian Pacific Journal of Tropical
Medicine 2021, 14, doi:10.4103/1995-7645.312513.

37. Shekhar, R.; Sheikh, A.B.; Upadhyay, S.; Singh, M.; Kottewar, S.; Mir, H.;
Barrett, E.; Pal, S. COVID-19 Vaccine Acceptance among Health Care Workers
in the United States. Vaccines (Basel) 2021, 9, doi:10.3390/vaccines9020119.

38. Di Gennaro, F.; Murri, R.; Segala, F.V.; Cerruti, L.; Abdulle, A.; Saracino, A.;
Bavaro, D.F.; Fantoni, M. Attitudes towards Anti-SARS-CoV2 Vaccination
among Healthcare Workers: Results from a National Survey in Italy. Viruses
2021, 13, doi:10.3390/v13030371.

39. Gagneux-Brunon, A.; Detoc, M.; Bruel, S.; Tardy, B.; Rozaire, O.; Frappe, P.;
Botelho-Nevers, E. Intention to get vaccinations against COVID-19 in French
healthcare workers during the first pandemic wave: a cross-sectional survey.
The Journal of hospital infection 2021, 108, 168-173,
doi:10.1016/j.jhin.2020.11.020.

40. Ledda, C.; Costantino, C.; Cuccia, M.; Maltezou, H.C.; Rapisarda, V. Attitudes
of Healthcare Personnel towards Vaccinations before and during the COVID-19
Pandemic. International journal of environmental research and public health
2021, 18, doi:10.3390/ijerph18052703.

41. Klinikum der Universität München. Wir über uns. Available online:
https://www.lmu-klinikum.de/das-klinikum/wir-uber-uns/e6d6f2726cf17b4e
(accessed on 25.05.2021).

42. International Labour Organization. International Standard Classification of
Occupations. Structure, group definitions and correspondance tables;
International Labour Organization: Geneva, 2012.

43. Bundesministerium für Gesundheit. Gesetz zur Stärkung der Impfprävention
gegen COVID-19 und zur Änderung weiterer Vorschriften im Zusammenhang
mit der COVID-19-Pandemie. 2021, 13.

44. Janz, N.K.B., M. H. . The Health Belief Model: A Decade Later. Health
Education Quarterly 1984, 11, 1-47,
doi:https://doi.org/10.1177/109019818401100101.

45. Skinner, C.S.; Tiro, J.; Champion, V.L. The Health Belief Model. In Health
behavior: Theory, research, and practice, 5th ed.; Jossey-Bass/Wiley: Hoboken,
NJ, US, 2015; pp. 75-94.

46. Rosenstock, I.M. Historical Origins of the Health Belief Model. Health Education
Monographs 1974, 2, 328-335, doi:10.1177/109019817400200403.

47. Carpenter, C.J. A meta-analysis of the effectiveness of health belief model
variables in predicting behavior. Health communication 2010, 25, 661-669,
doi:10.1080/10410236.2010.521906.

48. Larson, H.J.; Jarrett, C.; Schulz, W.S.; Chaudhuri, M.; Zhou, Y.; Dube, E.;
Schuster, M.; MacDonald, N.E.; Wilson, R.; Hesitancy, S.W.G.o.V. Measuring

https://www.lmu-klinikum.de/das-klinikum/wir-uber-uns/e6d6f2726cf17b4e
https://doi.org/10.1177/109019818401100101


References 75 

vaccine hesitancy: The development of a survey tool. Vaccine 2015, 33, 4165-
4175, doi:10.1016/j.vaccine.2015.04.037. 

49. Kwok, K.O.; Li, K.K.; Wei, W.I.; Tang, A.; Wong, S.Y.S.; Lee, S.S. Editor's
Choice: Influenza vaccine uptake, COVID-19 vaccination intention and vaccine
hesitancy among nurses: A survey. International journal of nursing studies
2021, 114, 103854, doi:10.1016/j.ijnurstu.2020.103854.

50. Wang, K.; Wong, E.L.Y.; Ho, K.F.; Cheung, A.W.L.; Chan, E.Y.Y.; Yeoh, E.K.;
Wong, S.Y.S. Intention of nurses to accept coronavirus disease 2019
vaccination and change of intention to accept seasonal influenza vaccination
during the coronavirus disease 2019 pandemic: A cross-sectional survey.
Vaccine 2020, 38, 7049-7056, doi:10.1016/j.vaccine.2020.09.021.

51. Pheerapanyawaranun, C.; Wang, Y.; Kittibovorndit, N.; Pimsarn, N.; Sirison, K.;
Teerawattananon, Y.; Isaranuwatchai, W. COVID-19 Vaccine Hesitancy Among
Health Care Workers in Thailand: The Comparative Results of Two Cross-
Sectional Online Surveys Before and After Vaccine Availability. Frontiers in
public health 2022, 10, 834545, doi:10.3389/fpubh.2022.834545.

52. Robert Koch-Institut. KROCO - die Krankenhausbasierte Online-Befragung zur
COVID-19-Impfung. Ergebnisbericht Erste Welle. Available online:
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Projekte_RKI/K
ROCO.html (accessed on 16.07.2021).

53. Robert Koch-Institut. KROCO - die Krankenhausbasierte Online-Befragung zur
COVID-19-Impfung. Ergebnisbericht zur Dritten Befragungswelle 10.01.2022;
2022. 

54. Robert Koch-Institut. KROCO - die Krankenhausbasierte Online-Befragung zur
COVID-19-Impfung. Ergebnisbericht Zweite Befragungswelle 04. 10. 2021;
2021. 

55. Zhelyazkova, A.; Kim, S.; Klein, M.; Prueckner, S.; Horster, S.; Kressirer, P.;
Choukér, A.; Coenen, M.; Adorjan, K. COVID-19 Vaccination Intent, Barriers
and Facilitators in Healthcare Workers: Insights from a Cross-Sectional Study
on 2500 Employees at LMU University Hospital in Munich, Germany. Vaccines
2022, 10, doi:10.3390/vaccines10081231.

56. Toth-Manikowski, S.M.; Swirsky, E.S.; Gandhi, R.; Piscitello, G. COVID-19
vaccination hesitancy among health care workers, communication, and policy-
making. American journal of infection control 2022, 50, 20-25,
doi:10.1016/j.ajic.2021.10.004.

57. Elliott, T.R.; Perrin, P.B.; Powers, M.B.; Jacobi, K.S.; Warren, A.M. Predictors of
Vaccine Hesitancy among Health Care Workers during the COVID-19
Pandemic. International journal of environmental research and public health
2022, 19, doi:10.3390/ijerph19127123.

58. Schmitz, M.; Luminet, O.; Klein, O.; Morbee, S.; Van den Bergh, O.; Van Oost,
P.; Waterschoot, J.; Yzerbyt, V.; Vansteenkiste, M. Predicting vaccine uptake
during COVID-19 crisis: A motivational approach. Vaccine 2022, 40, 288-297,
doi:10.1016/j.vaccine.2021.11.068.

59. Woolf, K.; McManus, I.C.; Martin, C.A.; Nellums, L.B.; Guyatt, A.L.; Melbourne,
C.; Bryant, L.; Gogoi, M.; Wobi, F.; Al-Oraibi, A.; et al. Ethnic differences in
SARS-CoV-2 vaccine hesitancy in United Kingdom healthcare workers: Results

https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Projekte_RKI/KROCO.html
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Projekte_RKI/KROCO.html


References 76 

from the UK-REACH prospective nationwide cohort study. Lancet Reg Health 
Eur 2021, 9, 100180, doi:10.1016/j.lanepe.2021.100180. 

60. Limbu, Y.B.; Gautam, R.K.; Pham, L. The Health Belief Model Applied to
COVID-19 Vaccine Hesitancy: A Systematic Review. Vaccines (Basel) 2022,
10, doi:10.3390/vaccines10060973.

61. Arda, B.; Durusoy, R.; Yamazhan, T.; Sipahi, O.R.; Taşbakan, M.; Pullukçu, H.;
Erdem, E.; Ulusoy, S. Did the pandemic have an impact on influenza
vaccination attitude? A survey among health care workers. BMC infectious
diseases 2011, 11, 87, doi:10.1186/1471-2334-11-87.

62. Stecula, D.A.; Kuru, O.; Hall Jamieson, K. How Trust in Experts and Media Use
Affect Acceptance of Common Anti-Vaccination Claims. Harvard Kennedy
School Misinformation Review 2020, doi:10.37016/mr-2020-007.

63. Verger, P.; Fressard, L.; Collange, F.; Gautier, A.; Jestin, C.; Launay, O.;
Raude, J.; Pulcini, C.; Peretti-Watel, P. Vaccine Hesitancy Among General
Practitioners and Its Determinants During Controversies: A National Cross-
sectional Survey in France. EBioMedicine 2015, 2, 891-897,
doi:10.1016/j.ebiom.2015.06.018.

64. Karafillakis, E.; Dinca, I.; Apfel, F.; Cecconi, S.; Wurz, A.; Takacs, J.; Suk, J.;
Celentano, L.P.; Kramarz, P.; Larson, H.J. Vaccine hesitancy among healthcare
workers in Europe: A qualitative study. Vaccine 2016, 34, 5013-5020,
doi:10.1016/j.vaccine.2016.08.029.

65. Van Oost, P.; Yzerbyt, V.; Schmitz, M.; Vansteenkiste, M.; Luminet, O.; Morbee,
S.; Van den Bergh, O.; Waterschoot, J.; Klein, O. The relation between
conspiracism, government trust, and COVID-19 vaccination intentions: The key
role of motivation. Soc Sci Med 2022, 301, 114926,
doi:10.1016/j.socscimed.2022.114926.

66. Shanka, M.S.; Menebo, M.M. When and How Trust in Government Leads to
Compliance with COVID-19 Precautionary Measures. J Bus Res 2022, 139,
1275-1283, doi:10.1016/j.jbusres.2021.10.036.

67. Trent, M.; Seale, H.; Chughtai, A.A.; Salmon, D.; MacIntyre, C.R. Trust in
government, intention to vaccinate and COVID-19 vaccine hesitancy: A
comparative survey of five large cities in the United States, United Kingdom,
and Australia. Vaccine 2022, 40, 2498-2505,
doi:10.1016/j.vaccine.2021.06.048.

68. Albarracin, D.; Jung, H.; Song, W.; Tan, A.; Fishman, J. Rather than inducing
psychological reactance, requiring vaccination strengthens intentions to
vaccinate in US populations. Scientific reports 2021, 11, 20796,
doi:10.1038/s41598-021-00256-z.

69. Maltezou, H.C.; Theodoridou, K.; Ledda, C.; Rapisarda, V.; Theodoridou, M.
Vaccination of healthcare workers: is mandatory vaccination needed? Expert
review of vaccines 2019, 18, 5-13, doi:10.1080/14760584.2019.1552141.

70. Slotte, P.; Karlsson, L.C.; Soveri, A. Attitudes towards mandatory vaccination
and sanctions for vaccination refusal. Vaccine 2022, 40, 7378-7388,
doi:10.1016/j.vaccine.2022.05.069.



References 77 

71. Naeim, A.; Guerin, R.J.; Baxter-King, R.; Okun, A.H.; Wenger, N.; Sepucha, K.;
Stanton, A.L.; Rudkin, A.; Holliday, D.; Rossell Hayes, A.; et al. Strategies to
increase the intention to get vaccinated against COVID-19: Findings from a
nationally representative survey of US adults, October 2020 to October 2021.
Vaccine 2022, 40, 7571-7578, doi:10.1016/j.vaccine.2022.09.024.

72. Viskupic, F.; Wiltse, D.L.; Badahdah, A. Reminders of existing vaccine
mandates increase support for a COVID-19 vaccine mandate: Evidence from a
survey experiment. Vaccine 2022, 40, 7483-7487,
doi:10.1016/j.vaccine.2022.08.014.

73. Garcia, L.; Firek, A.; Freund, D.; Massai, D.; Khurana, D.; Lee, J.E.; Zamarripa,
S.; Sasaninia, B.; Michaels, K.; Nightingale, J.; et al. Decisions to Choose
COVID-19 Vaccination by Health Care Workers in a Southern California Safety
Net Medical Center Vary by Sociodemographic Factors. Vaccines 2022, 10,
doi:10.3390/vaccines10081247.

74. Dietrich, L.G.; Luthy, A.; Lucas Ramanathan, P.; Baldesberger, N.; Buhl, A.;
Schmid Thurneysen, L.; Hug, L.C.; Suzanne Suggs, L.; Speranza, C.; Huber,
B.M.; et al. Healthcare professional and professional stakeholders' perspectives
on vaccine mandates in Switzerland: A mixed-methods study. Vaccine 2022,
40, 7397-7405, doi:10.1016/j.vaccine.2021.12.071.

75. Stead, M.; Ford, A.; Eadie, D.; Biggs, H.; Elliott, C.; Ussher, M.; Bedford, H.;
Angus, K.; Hunt, K.; MacKintosh, A.M.; et al. A "step too far" or "perfect sense"?
A qualitative study of British adults' views on mandating COVID-19 vaccination
and vaccine passports. Vaccine 2022, 40, 7389-7396,
doi:10.1016/j.vaccine.2022.05.072.

76. Zhelyazkova, A.; Adorjan, K.; Kim, S.; Klein, M.; Prueckner, S.; Kressirer, P.;
Chouker, A.; Coenen, M.; Horster, S. Are We Prepared for the Next Pandemic?
Management, Systematic Evaluation and Lessons Learned from an In-Hospital
COVID-19 Vaccination Centre for Healthcare Workers. International journal of
environmental research and public health 2022, 19,
doi:10.3390/ijerph192316326.

77. Rifai, A.; Wu, W.C.; Tang, Y.W.; Lu, M.Y.; Chiu, P.J.; Strong, C.; Lin, C.Y.;
Chen, P.L.; Ko, W.C.; Ko, N.Y. Psychological Distress and Physical Adverse
Events of COVID-19 Vaccination among Healthcare Workers in Taiwan.
Vaccines (Basel) 2023, 11, doi:10.3390/vaccines11010129.

78. Ramot, S.; Tal, O. Attitudes of Healthcare Workers in Israel towards the Fourth
Dose of COVID-19 Vaccine. Vaccines (Basel) 2023, 11,
doi:10.3390/vaccines11020385.

79. Scheufele, D.T., David; . Framing, Agenda Setting, and Priming: The Evolution
of Three Media Effects Models. Journal of Communication 2006, 56, 864-866,
doi:10.1111/j.1460-2466.2006.00326.x.

80. Vergara, R.J.D.; Sarmiento, P.J.D.; Lagman, J.D.N. Building public trust: a
response to COVID-19 vaccine hesitancy predicament. J Public Health (Oxf)
2021, 43, e291-e292, doi:10.1093/pubmed/fdaa282.

81. Tahamtan, I.; Potnis, D.; Mohammadi, E.; Singh, V.; Miller, L.E. The Mutual
Influence of the World Health Organization (WHO) and Twitter Users During



References 78 

COVID-19: Network Agenda-Setting Analysis. Journal of medical Internet 
research 2022, 24, e34321, doi:10.2196/34321. 

82. Christou-Ergos, M.; Wiley, K.E.; Leask, J. Willingness to receive a vaccine is
influenced by adverse events following immunisation experienced by others.
Vaccine 2023, 41, 246-250, doi:10.1016/j.vaccine.2022.11.034.

83. George, G.; Nota, P.B.; Strauss, M.; Lansdell, E.; Peters, R.; Brysiewicz, P.;
Nadesan-Reddy, N.; Wassenaar, D. Understanding COVID-19 Vaccine
Hesitancy among Healthcare Workers in South Africa. Vaccines (Basel) 2023,
11, doi:10.3390/vaccines11020414.

84. Richter, M.; Schroeter, C.; Puensch, T.; Straube, T.; Hecht, H.; Ritter, A.;
Miltner, W.H.; Weiss, T. Pain-related and negative semantic priming enhances
perceived pain intensity. Pain Res Manag 2014, 19, 69-74,
doi:10.1155/2014/425321.

85. Fang, W.; Zhang, R.; Zhao, Y.; Wang, L.; Zhou, Y.D. Attenuation of Pain
Perception Induced by the Rubber Hand Illusion. Front Neurosci 2019, 13, 261,
doi:10.3389/fnins.2019.00261.

86. Terrighena, E.L.; Lu, G.; Yuen, W.P.; Lee, T.M.; Keuper, K. Effects of vicarious
pain on self-pain perception: investigating the role of awareness. J Pain Res
2017, 10, 1821-1830, doi:10.2147/JPR.S132744.

87. Gianfredi, V.; Moretti, M.; Lopalco, P.L. Countering vaccine hesitancy through
immunization information systems, a narrative review. Human vaccines &
immunotherapeutics 2019, 15, 2508-2526,
doi:10.1080/21645515.2019.1599675.

88. Harrison, J.A.; Mullen, P.D.; Green, L.W. A meta-analysis of studies of the
Health Belief Model with adults. Health education research 1992, 7, 107-116,
doi:10.1093/her/7.1.107.

89. Jones, C.L.; Jensen, J.D.; Scherr, C.L.; Brown, N.R.; Christy, K.; Weaver, J.
The Health Belief Model as an explanatory framework in communication
research: exploring parallel, serial, and moderated mediation. Health
communication 2015, 30, 566-576, doi:10.1080/10410236.2013.873363.

90. Seddig, D.; Maskileyson, D.; Davidov, E.; Ajzen, I.; Schmidt, P. Correlates of
COVID-19 vaccination intentions: Attitudes, institutional trust, fear, conspiracy
beliefs, and vaccine skepticism. Soc Sci Med 2022, 302, 114981,
doi:10.1016/j.socscimed.2022.114981.

91. Cavillot, L.; van Loenhout, J.A.F.; Devleesschauwer, B.; Wyndham-Thomas, C.;
Van Oyen, H.; Ghattas, J.; Blot, K.; Van den Borre, L.; Billuart, M.; Speybroeck,
N.; et al. 2023, doi:10.1101/2023.01.31.23285233.

92. Crawshaw, A.F.; Farah, Y.; Deal, A.; Rustage, K.; Hayward, S.E.; Carter, J.;
Knights, F.; Goldsmith, L.P.; Campos-Matos, I.; Wurie, F.; et al. Defining the
determinants of vaccine uptake and undervaccination in migrant populations in
Europe to improve routine and COVID-19 vaccine uptake: a systematic review.
The Lancet. Infectious diseases 2022, 22, e254-e266, doi:10.1016/S1473-
3099(22)00066-4.



References 79 

93. Hussain, B.; Latif, A.; Timmons, S.; Nkhoma, K.; Nellums, L.B. Overcoming
COVID-19 vaccine hesitancy among ethnic minorities: A systematic review of
UK studies. Vaccine 2022, 40, 3413-3432, doi:10.1016/j.vaccine.2022.04.030.

94. Robertson, E.; Reeve, K.S.; Niedzwiedz, C.L.; Moore, J.; Blake, M.; Green, M.;
Katikireddi, S.V.; Benzeval, M.J. Predictors of COVID-19 vaccine hesitancy in
the UK household longitudinal study. Brain, behavior, and immunity 2021, 94,
41-50, doi:10.1016/j.bbi.2021.03.008.

95. Winter, T.; Riordan, B.C.; Scarf, D.; Jose, P.E. Conspiracy beliefs and distrust
of science predicts reluctance of vaccine uptake of politically right-wing citizens.
Vaccine 2022, 40, 1896-1903, doi:10.1016/j.vaccine.2022.01.039.

96. Serrano-Alarcon, M.; Wang, Y.; Kentikelenis, A.; McKee, M.; Stuckler, D. The
far-right and anti-vaccine attitudes: lessons from Spain's mass COVID-19
vaccine roll-out. European journal of public health 2023, 33, 215-221,
doi:10.1093/eurpub/ckac173.

97. Bierwiaczonek, K.; Gundersen, A.B.; Kunst, J.R. The role of conspiracy beliefs
for COVID-19 health responses: A meta-analysis. Current Opinion in
Psychology 2022, 46, 101346,
doi:https://doi.org/10.1016/j.copsyc.2022.101346.

98. Bundesministerium für Gesundheit. Verordnung zum Anspruch auf
Schutzimpfung gegen das Coronavirus SARS-CoV-2. (Coronavirus-
Impfverordnung – CoronaImpfV). BAnz AT 08.02.2021 V1 2021, BAnz AT
08.02.2021 V1, 8.

99. Pereira, B.; Fehl, A.G.; Finkelstein, S.R.; Jiga‐Boy, G.M.; Caserotti, M. Scarcity
in COVID‐19 vaccine supplies reduces perceived vaccination priority and
increases vaccine hesitancy. Psychology & Marketing 2021, 39, 921-936,
doi:10.1002/mar.21629.

100. United Nations (UN News). WHO chief declares end to COVID-19 as a global 
health emergency. Available online: 
https://news.un.org/en/story/2023/05/1136367#:~:text=WHO%20chief%20decla
res%20end%20to%20COVID%2D19%20as%20a%20global%20health%20eme
rgency,-
5%20May%202023&text=The%20head%20of%20the%20UN,no%20longer%20
a%20global%20threat. (accessed on 05.05.2023). 

101. Maier, B.F.; Wiedermann, M.; Burdinski, A.; Klamser, P.P.; Jenny, M.A.; Betsch, 
C.; Brockmann, D. Germany's fourth COVID-19 wave was mainly driven by the 
unvaccinated. Commun Med (Lond) 2022, 2, 116, doi:10.1038/s43856-022-
00176-7. 

102. Maltezou, H.C.; Gamaletsou, M.N.; Koukou, D.-M.; Giannouchos, T.V.; Sourri, 
F.; Syrimi, N.; Karapanou, A.; Lemonakis, N.; Peskelidou, E.; Papanastasiou, 
K.; et al. Association between COVID-19 vaccination status, time elapsed since 
the last vaccine dose, morbidity, and absenteeism among healthcare personnel: 
A prospective, multicenter study. Vaccine 2022, 40, 7660-7666, 
doi:https://doi.org/10.1016/j.vaccine.2022.10.049. 

103. Perez-Alos, L.; Armenteros, J.J.A.; Madsen, J.R.; Hansen, C.B.; Jarlhelt, I.; 
Hamm, S.R.; Heftdal, L.D.; Pries-Heje, M.M.; Moller, D.L.; Fogh, K.; et al. 
Modeling of waning immunity after SARS-CoV-2 vaccination and influencing 

https://doi.org/10.1016/j.copsyc.2022.101346
https://news.un.org/en/story/2023/05/1136367#:%7E:text=WHO%20chief%20declares%20end%20to%20COVID%2D19%20as%20a%20global%20health%20emergency,-5%20May%202023&text=The%20head%20of%20the%20UN,no%20longer%20a%20global%20threat
https://news.un.org/en/story/2023/05/1136367#:%7E:text=WHO%20chief%20declares%20end%20to%20COVID%2D19%20as%20a%20global%20health%20emergency,-5%20May%202023&text=The%20head%20of%20the%20UN,no%20longer%20a%20global%20threat
https://news.un.org/en/story/2023/05/1136367#:%7E:text=WHO%20chief%20declares%20end%20to%20COVID%2D19%20as%20a%20global%20health%20emergency,-5%20May%202023&text=The%20head%20of%20the%20UN,no%20longer%20a%20global%20threat
https://news.un.org/en/story/2023/05/1136367#:%7E:text=WHO%20chief%20declares%20end%20to%20COVID%2D19%20as%20a%20global%20health%20emergency,-5%20May%202023&text=The%20head%20of%20the%20UN,no%20longer%20a%20global%20threat
https://news.un.org/en/story/2023/05/1136367#:%7E:text=WHO%20chief%20declares%20end%20to%20COVID%2D19%20as%20a%20global%20health%20emergency,-5%20May%202023&text=The%20head%20of%20the%20UN,no%20longer%20a%20global%20threat
https://doi.org/10.1016/j.vaccine.2022.10.049


References 80 

factors. Nature communications 2022, 13, 1614, doi:10.1038/s41467-022-
29225-4. 

104. Feikin, D.R.; Higdon, M.M.; Abu-Raddad, L.J.; Andrews, N.; Araos, R.; 
Goldberg, Y.; Groome, M.J.; Huppert, A.; O'Brien, K.L.; Smith, P.G.; et al. 
Duration of effectiveness of vaccines against SARS-CoV-2 infection and 
COVID-19 disease: results of a systematic review and meta-regression. Lancet 
(London, England) 2022, 399, 924-944, doi:10.1016/S0140-6736(22)00152-0. 

105. Goh, Y.S.; Rouers, A.; Fong, S.W.; Zhuo, N.Z.; Hor, P.X.; Loh, C.Y.; Huang, Y.; 
Neo, V.K.; Kam, I.K.J.; Wang, B.; et al. Waning of specific antibodies against 
Delta and Omicron variants five months after a third dose of BNT162b2 SARS-
CoV-2 vaccine in elderly individuals. Frontiers in immunology 2022, 13, 
1031852, doi:10.3389/fimmu.2022.1031852. 

106. Gagelmann, N.; Passamonti, F.; Wolschke, C.; Massoud, R.; Niederwieser, C.; 
Adjalle, R.; Mora, B.; Ayuk, F.; Kroger, N. Antibody response after vaccination 
against SARS-CoV-2 in adults with hematological malignancies: a systematic 
review and meta-analysis. Haematologica 2022, 107, 1840-1849, 
doi:10.3324/haematol.2021.280163. 

107. Sun, H.; Bu, F.; Li, L.; Zhang, X.; Yan, J.; Huang, T. COVID-19 vaccine 
response and safety in patients with cancer: An overview of systematic reviews. 
Frontiers in public health 2022, 10, 1072137, doi:10.3389/fpubh.2022.1072137. 

108. Alexander, J.L.; Liu, Z.; Munoz Sandoval, D.; Reynolds, C.; Ibraheim, H.; 
Anandabaskaran, S.; Saifuddin, A.; Castro Seoane, R.; Anand, N.; Nice, R.; et 
al. COVID-19 vaccine-induced antibody and T-cell responses in 
immunosuppressed patients with inflammatory bowel disease after the third 
vaccine dose (VIP): a multicentre, prospective, case-control study. The lancet. 
Gastroenterology & hepatology 2022, 7, 1005-1015, doi:10.1016/S2468-
1253(22)00274-6. 

109. European Centre for Disease Prevention and Control. Risk factors and risk 
groups. Available online: https://www.ecdc.europa.eu/en/covid-19/latest-
evidence/risk-factors-risk-groups (accessed on 05.04.2023). 

110. Spinelli, M.A.; Glidden, D.V.; Gennatas, E.D.; Bielecki, M.; Beyrer, C.; 
Rutherford, G.; Chambers, H.; Goosby, E.; Gandhi, M. Importance of non-
pharmaceutical interventions in lowering the viral inoculum to reduce 
susceptibility to infection by SARS-CoV-2 and potentially disease severity. The 
Lancet. Infectious diseases 2021, 21, e296-e301, doi:10.1016/S1473-
3099(20)30982-8. 

111. Horga, N.G.; Cirnatu, D.; Kundnani, N.R.; Ciurariu, E.; Parvu, S.; Ignea, A.L.; 
Borza, C.; Sharma, A.; Morariu, S. Evaluation of Non-Pharmacological 
Measures Implemented in the Management of the COVID-19 Pandemic in 
Romania. Healthcare (Basel) 2022, 10, doi:10.3390/healthcare10091756. 

112. Hook, D.W.; Wilsdon, J.R. The pandemic veneer: COVID-19 research as a 
mobilisation of collective intelligence by the global research community. 
Collective Intelligence 2023, 2, doi:10.1177/26339137221146482. 

113. Van Egeren, D.; Stoddard, M.; White, L.F.; Hochberg, N.S.; Rogers, M.S.; 
Zetter, B.; Joseph-McCarthy, D.; Chakravarty, A. Vaccines Alone Cannot Slow 

https://www.ecdc.europa.eu/en/covid-19/latest-evidence/risk-factors-risk-groups
https://www.ecdc.europa.eu/en/covid-19/latest-evidence/risk-factors-risk-groups


References 81 

the Evolution of SARS-CoV-2. Vaccines (Basel) 2023, 11, 
doi:10.3390/vaccines11040853. 

114. World Health Organization. Tracking SARS-CoV-2 variants. Available online: 
https://www.who.int/activities/tracking-SARS-CoV-2-variants (accessed on 
05.04.2023). 

115. Eskola, J.; Duclos, P.; Schuster, M.; MacDonald, N.E.; Hesitancy, S.W.G.o.V. 
How to deal with vaccine hesitancy? Vaccine 2015, 33, 4215-4217, 
doi:10.1016/j.vaccine.2015.04.043. 

116. Maltezou, H.C.; Dedoukou, X.; Patrinos, S.; Maragos, A.; Poufta, S.; 
Gargalianos, P.; Lazanas, M. Determinants of intention to get vaccinated 
against novel (pandemic) influenza A H1N1 among health-care workers in a 
nationwide survey. The Journal of infection 2010, 61, 252-258, 
doi:10.1016/j.jinf.2010.06.004. 

117. Probandari, A.; Hidayana, I.; Amir, S.; Pelupessy, D.C.; Rahvenia, Z. Using a 
health belief model to assess COVID-19 vaccine intention and hesitancy in 
Jakarta, Indonesia. PLOS Global Public Health 2022, 2, 
doi:10.1371/journal.pgph.0000934. 

118. Verger, P.; Scronias, D.; Dauby, N.; Adedzi, K.A.; Gobert, C.; Bergeat, M.; 
Gagneur, A.; Dubé, E. Attitudes of healthcare workers towards COVID-19 
vaccination: a survey in France and French-speaking parts of Belgium and 
Canada, 2020. Euro surveillance : bulletin Europeen sur les maladies 
transmissibles = European communicable disease bulletin 2021, 26, 
doi:10.2807/1560-7917.Es.2021.26.3.2002047. 

119. Unroe, K.T.; Evans, R.; Weaver, L.; Rusyniak, D.; Blackburn, J. Willingness of 
Long-Term Care Staff to Receive a COVID-19 Vaccine: A Single State Survey. 
Journal of the American Geriatrics Society 2021, 69, 593-599, 
doi:10.1111/jgs.17022. 

120. Lang, R.; Benham, J.L.; Atabati, O.; Hollis, A.; Tombe, T.; Shaffer, B.; Burns, 
K.K.; MacKean, G.; Léveillé, T.; McCormack, B.; et al. Attitudes, behaviours and 
barriers to public health measures for COVID-19: a survey to inform public 
health messaging. BMC Public Health 2021, 21, 765, doi:10.1186/s12889-021-
10790-0. 

121. Finney Rutten, L.J.; Zhu, X.; Leppin, A.L.; Ridgeway, J.L.; Swift, M.D.; Griffin, 
J.M.; St Sauver, J.L.; Virk, A.; Jacobson, R.M. Evidence-Based Strategies for 
Clinical Organizations to Address COVID-19 Vaccine Hesitancy. Mayo Clinic 
proceedings 2021, 96, 699-707, doi:10.1016/j.mayocp.2020.12.024. 

122. Hou, Z.; Tong, Y.; Du, F.; Lu, L.; Zhao, S.; Yu, K.; Piatek, S.J.; Larson, H.J.; Lin, 
L. Assessing COVID-19 Vaccine Hesitancy, Confidence, and Public 
Engagement: A Global Social Listening Study. Journal of medical Internet 
research 2021, 23, e27632, doi:10.2196/27632. 

123. Purnat, T.D.; Vacca, P.; Czerniak, C.; Ball, S.; Burzo, S.; Zecchin, T.; Wright, 
A.; Bezbaruah, S.; Tanggol, F.; Dubé, È.; et al. Infodemic Signal Detection 
During the COVID-19 Pandemic: Development of a Methodology for Identifying 
Potential Information Voids in Online Conversations. JMIR Infodemiology 2021, 
1, e30971, doi:10.2196/30971. 

https://www.who.int/activities/tracking-SARS-CoV-2-variants


References 82 

124. Michelle Driedger, S.; Capurro, G.; Tustin, J.; Jardine, C.G. "I won't be a guinea 
pig": Rethinking public health communication and vaccine hesitancy in the 
context of COVID-19. Vaccine 2023, 41, 1-4, 
doi:10.1016/j.vaccine.2022.11.056. 

125. Sorensen, K.; Van den Broucke, S.; Fullam, J.; Doyle, G.; Pelikan, J.; Slonska, 
Z.; Brand, H.; Consortium Health Literacy Project, E. Health literacy and public 
health: a systematic review and integration of definitions and models. BMC 
Public Health 2012, 12, 80, doi:10.1186/1471-2458-12-80. 

126. Petersen, J.; Mulder, L.M.; Kegel, P.; Rothke, N.; Wiegand, H.F.; Lieb, K.; 
Walter, H.; Brocker, A.L.; Liebe, S.; Tuscher, O.; et al. [Willingness to get 
vaccinated among hospital staff in Germany: What is the role of COVID-19 
conspiracy assumptions?]. Bundesgesundheitsblatt, Gesundheitsforschung, 
Gesundheitsschutz 2022, 65, 1178-1187, doi:10.1007/s00103-022-03593-0. 

127. World Health Organization. An ad hoc WHO technical consultation managing 
the COVID-19 infodemic: call for action; Geneva, 2020; p. 43. 

128. Lewandowsky, S., Cook, J., Schmid, P., Holford, D. L., Finn, A., Leask, J., 
Thomson, A., Lombardi, D., Al-Rawi, A. K., Amazeen, M. A., Anderson, E. C., 
Armaos, K. D., Betsch, C., Bruns, H. H. B., Ecker, U. K. H., Gavaruzzi, T., 
Hahn, U., Herzog, S., Juanchich, M., Kendeou, P., Newman, E. J., Pennycook, 
G., Rapp, D. N., Sah, S., Sinatra, G. M., Tapper, K., Vraga, E. K, . The COVID-
19 Vaccine Communication Handbook. A practical guide for improving vaccine 
communication and fighting misinformation; 2021. 

129. van der Linden, S. Misinformation: susceptibility, spread, and interventions to 
immunize the public. Nature medicine 2022, 28, 460-467, doi:10.1038/s41591-
022-01713-6. 

130. United Nations Children’s Fund. Vaccine Misinformation Management Field 
Guide; New York, 2020. 

131. European Centre for Disease Prevention and Control. Interim public health 
considerations for COVID-19 vaccination roll-out during 2023. Technical Report; 
Stockholm, 2023. 

132. Epstein, S. Aggregation and beyond: Some basic issues on the prediction of 
behavior. J Pers 1983, 51, 360-392, doi:10.1111/j.1467-6494.1983.tb00338.x. 

133. Ajzen, I. The theory of planned behavior. Organizational Behavior and Human 
Decision Processes 1991, 50, 179-211, doi:https://doi.org/10.1016/0749-
5978(91)90020-T. 

134. Nutbeam, D.; Harris, E. Theorien und Modelle der Gesundheitsförderung: eine 
Einführung für Praktiker zur Veränderung des Gesundheitsverhaltens von 
Individuen und Gemeinschaften; Verlag für Gesundheitsförderung Conrad: 
2001. 

135. Limbu, Y.B.; Gautam, R.K. How Well the Constructs of Health Belief Model 
Predict Vaccination Intention: A Systematic Review on COVID-19 Primary 
Series and Booster Vaccines. Vaccines 2023, 11, 
doi:10.3390/vaccines11040816. 

https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1016/0749-5978(91)90020-T


References 83 

136. Limbu, Y.B.; Gautam, R.K.; Zhou, W. Predicting Vaccination Intention against 
COVID-19 Using Theory of Planned Behavior: A Systematic Review and Meta-
Analysis. Vaccines (Basel) 2022, 10, doi:10.3390/vaccines10122026. 

137. Oeberst, A.; Imhoff, R. Toward Parsimony in Bias Research: A Proposed 
Common Framework of Belief-Consistent Information Processing for a Set of 
Biases. Perspectives on psychological science : a journal of the Association for 
Psychological Science 2023, 17456916221148147, 
doi:10.1177/17456916221148147. 


	Affidavit
	Table of content
	List of abbreviations
	List of publications
	1. Own contribution to the publications
	1.1 Contribution to the project IMPFLMU
	1.2 Contribution to paper I: COVID-19 Vaccination Intent, Barriers and Facilitators in Healthcare Workers: Insights from a Cross-Sectional Study on 2500 Employees at LMU University Hospital in Munich, Germany
	1.3 Contribution to paper II: Are We Prepared for the Next Pandemic? Management, Systematic Evaluation and Lessons Learned from an In-Hospital COVID-19 Vaccination Centre for Healthcare Workers

	2. Introduction
	2.1 Background – Vaccine hesitancy as a public health challenge
	2.2 Methods
	2.3 Paper I – Factors associated with the COVID-19 vaccination intent and status among HCWs
	2.4 Paper II – Evaluation of the vaccination experience and associated factors
	2.5 General limitations of this project
	2.6 Contribution of this thesis - Lessons learned, recommendations and best practices
	2.6.1 Contributions to occupational health promotion and management
	2.6.2 Contributions to theoretical research


	3. Summary
	4. Zusammenfassung
	5. Paper I
	6. Paper II
	References
	Curriculum vitae
	List of publications
	Paper1_vaccines-10-01231-with-cover.pdf
	Introduction 
	Materials and Methods 
	Results 
	General Attitude towards Vaccines and Influenza Vaccine Uptake 
	Attitude towards Other Non-Pharmaceutical Interventions Following A COVID-19 Vaccination 
	Factors Associated with Vaccination Intent (Informed by the Health Belief Model) 
	Perceived Susceptibility 
	Perceived Severity of Disease in Case of Attraction of COVID-19 
	Perceived Benefits 
	Perceived Barriers 
	Cues to Action 


	Discussion 
	General Attitude towards Vaccines 
	Attitudes towards Non-pharmaceutical Interventions 
	Health Belief Model Constructs 
	Limitations 

	Conclusions 
	References

	Paper2_ijerph-19-16326-with-cover.pdf
	Introduction 
	Materials and Methods 
	Organisation and Programme Monitoring of the In-Hospital Vaccination Centre 
	Satisfaction with the Vaccination Process 

	Results 
	Programme Monitoring of the In-Hospital Vaccination Centre 
	Vaccinations, Personnel and No-Show Rates 
	Administrative Organisation 

	Satisfaction with the Vaccination Centre and Process by Vaccinees 
	Satisfaction with the Process and Vaccine-Specific Issues 
	Satisfaction with the Provided Information Sources Prior to Inoculation 
	COVID-19 Health Behaviour following COVID-19 Vaccination 
	Observed Adverse Events following Immunization (AEFIs) 

	Satisfaction of the Vaccination Centre Staff with the Process and Organisation of the Vaccination Campaign 

	Discussion 
	Organisation of the Vaccination Centre—Implementation Considerations 
	Satisfaction with the Vaccination Process 
	Limitations 

	Conclusions 
	References




