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Background
Since May 2022, an increase in travel-unrelated Mpox 
infection was registered worldwide and shortly there-
after, the World Health Organization (WHO) declared 
Mpox a public health emergency of international concern 
[1]. In July and August 2022, the European Medicines 
Agency (EMA) and the U.S. Food and Drug Administra-
tion (FDA) authorized the vaccines Imvanex (EU) and 
Jynneos (US), previously approved for the treatment of 
smallpox, to be used to protect adults from Mpox infec-
tion [2]. In Germany, the federal states received varying 
amounts of the vaccine and used different methods of 
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Abstract
Background  Due to the authorization of the Mpox vaccines, we aimed to identify determinants of the intention 
to get vaccinated, actively trying to receive vaccination, and for successfully receiving a vaccination in Germany 
employing the 5 C model of vaccination readiness.

Methods  Data stem from a cross-sectional online survey that was available online from August 13, 2022 to August 
31, 2022. To assess the influence of the 5 C Model on vaccination behavior, we conducted a multinomial logistic 
regression.

Results  3,338 participants responded to the survey, with 487 already vaccinated and 2,066 intending to receive a 
vaccination. Confidence and collective responsibility were positively associated with intention to get vaccinated, 
while complacency was negatively correlated. A higher score on the calculation scale increased the odds of intention 
to receive vaccination but not with actively having tried to receive a vaccination. Fewer perceived constraints were 
associated with higher odds to be vaccinated. Patients in practices that focus on HIV treatment were more likely to 
intend to get vaccinated, to have tried to get vaccinated and to be vaccinated, regardless of indication. While level of 
education had no impact, having an indication to get vaccinated was a strong predictor of vaccination behavior in all 
groups.

Conclusion  Future vaccination campaigns should aim to reduce specific constraints of the target group and make 
vaccines widely available in primary care institutions beyond HIV-focused practices.
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distribution, such as distribution to practices focusing on 
HIV treatment, to public health services or solely to uni-
versity hospitals [3].

Research on the intention to receive a vaccination 
against Mpox is still limited and focused on health care 
workers [4] or the general population of specific coun-
tries regardless of indication [5, 6]. In a cross-sectional 
survey from the United Kingdom during the Mpox out-
break, which was in large part answered by participants 
who did not define themselves as heterosexual, 86% of 
the participants reported that they would accept to get 
vaccinated [7]. In another survey on rural-urban differ-
ences on attitudes towards Mpox among 582 men who 
have sex with men (MSM) in the United States, 77.1% 
report to not been vaccinated against Mpox, and the 
study showed a disproportionate distribution towards 
urban participants in the vaccinated population, as well 
as a lower intention to get vaccinated in the rural popula-
tion [8]. In a recent study among patients on pre-expo-
sure prophylaxis (PrEP) or with an HIV-positive status 
from France, 33.6% of participants responded to be hesi-
tant towards Mpox vaccination [9]. Vaccine hesitancy has 
been defined as a “delay in acceptance or refusal of vac-
cination despite availability of vaccination services” [10] 
and is a complex global phenomenon which has been fur-
ther complicated by social media and disinformation on 
the internet [11]. Additionally, vaccine confidence report-
edly declined with the start of the COVID-19 pandemic 
[12]. Factors that play a major role as psychological ante-
cedents in an individual’s behavior towards vaccinations 
were summarized in the 5  C Model [13]. It consists of 
15 items in 5 categories, namely confidence in vaccines, 
complacency, constraints, calculation, and feelings of col-
lective responsibility.

In this study, we aimed to identify predictors of inten-
tion to receive a vaccination and for successfully receiv-
ing a vaccination by evaluating to which extent the 
factors of the 5 C model have an influence on vaccination 
behavior. Additionally, we examined the influence of level 
of education and of being a patient in a HIV practice on 
receiving a vaccination against Mpox.

Materials and methods
We conducted a cross-sectional online survey on Mpox 
in Germany from August 13 to August 31, 2022, on risk 
factors, vaccination and treatment status. The survey and 
an introductory text on the subject were shared through 
snowball sampling with more than 60 organizations that 
focus on lesbian, gay, bisexual, transgender, queer, inter-
sex, and asexual (LGBTQIA) persons, which then shared 
the survey link via their contacts. It was promoted in a 
German newspaper (Tagesspiegel) and through social 
media. Inclusion criteria were age 18 or older and living 
in Germany at the time of the survey. Participants did not 

receive any incentive for taking part in the survey. The 
survey was created using “SoSci survey”, a web-applica-
tion for online surveys which runs on a university server.

In the questionnaire, we asked participants whether 
they have already received a vaccination against Mpox. 
When they had not yet received a vaccination, partici-
pants were asked if they had the intention to get a vac-
cination and whether they have actively tried to get a 
vaccination, but have not received one yet (i.e., spe-
cifically searched for practices or institutions that offer 
appointments for vaccinations). When participants 
reported that they had received an Mpox vaccination, 
we asked whether they had received the first dose or 
both doses, and where the vaccination took place (public 
health institution, practice focusing on HIV-treatment, 
general practitioner, other primary care practice, univer-
sity hospital, other hospital).

The questionnaire contained sociodemographic ques-
tions (i.e. on gender identity, sexual orientation, liv-
ing environment, work status and level of education) 
and questions on sexual behavior (number of sex part-
ners, gender identity of last sex partner, sexual prac-
tices with the last sex partner, use of protection with 
the last sex partner), based on the German Health and 
Sexuality Survey (GeSiD) [14] and modified to account 
for LGBTQIA + persons. Regarding vaccination behav-
ior, we used the German version of the long 5  C scale, 
consisting of 15 items in the five categories confidence, 
complacency, constraints, calculation, and collective 
responsibility. The individual items contained in the 5 C 
model can be found in the Supplement Material.

To assess the influence of the 5 C Model on vaccination 
behavior regarding Mpox, we conducted a multinomial 
logistic regression. Multinomial regression analysis was 
conducted in R Statistical Software (R version 4.2.2) using 
the mlogit package [15]. The dependent outcome variable 
of the regression model was vaccination behavior, a mul-
tinomial variable with four categories: (1) no intention to 
receive vaccination (reference category), (2) intention to 
receive a vaccination, but not having tried to receive vac-
cination at the time of the study, (3) intention to receive 
and having tried to receive vaccination, and (4) success-
fully received vaccination. When participants responded 
that they “definitely” or “if possible” want to get vacci-
nated, it was considered a positive dependent variable 
for category 2. When they additionally responded that 
they have already tried to get vaccinated in the follow-up 
question, it was considered a positive dependent variable 
for category 3.

Independent variables were the 5  C subscales Con-
fidence, Complacency, Constraints, Calculation, and 
Collective Responsibility. “Confidence” refers to an indi-
vidual’s trust in the efficacy of vaccines and in public 
authorities’ decisions regarding vaccines. “Complacency” 
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describes an individual’s perception of a vaccine-prevent-
able disease as a threat. “Constraints” describe (structural 
and psychological) obstacles in receiving a vaccination, 
and “Calculation” refers to deliberation on the useful-
ness of a specific vaccine. “Collective Responsibility” 
is comprised of the willingness to protect others and to 
create herd immunity. The 5 C Model has been used in 
studies to examine attitude towards vaccines in different 
demographics and for different infectious diseases, such 
as COVID-19, measles, or influenza [16–18]. The catego-
ries of the 5 C scale showed a good internal consistency 
in a previous study (confidence α = 0.87, complacency 
α = 76, constraints α = 0.85, calculation α = 0.78, collec-
tive responsibility α = 0.71) [13]. While it has recently 
been extended into a 7  C Model, adding the categories 
conspiracy and compliance [19], the 5 C model is still the 
most used. The 5 C subscales were mean values of each 
subscale ranging from 1 (lowest) to 7 (highest). Another 
independent variable was the indication for receiving a 
vaccination. In our study, participants had an indication 
for vaccination when they did not define as women (i.e., 
defined their gender as men or non-binary), had sex with 
more than one person in the last 12 months and self-
identified either as homosexual, gay, bisexual, or pansex-
ual, or their last sexual partner identified either as a man 
or a non-binary person. While the official recommen-
dations to get vaccinated also encompassed the risk of 
exposure to Mpox in a laboratory setting, we opted not to 
incorporate this aspect into our survey and consequently 
omitted it from our definition of “indication”.

To be a patient in a HIV clinic was added as indepen-
dent variable, because in many federal states the vac-
cines were mainly distributed by means of these clinics. 
General Practitioners (GPs) are usually distributors of 
vaccines in Germany, thus we included whether the par-
ticipant had a GP as another variable. In a previous study 
on risk factors of Mpox infection based on the same sur-
vey, results showed that a lower level of education was 
associated with higher odds for being infected [20], edu-
cation level was added as another independent variable. 
For each subscale of the 5  C Model, we calculated the 
mean response as a score for each participant. All partici-
pants were digitally asked for consent before their par-
ticipation and the survey was reviewed and approved by 
the Ethics Committee of Charité– Universitätsmedizin 
Berlin (EA1/180/22).

Results
3,338 participants responded to the survey. 88 partici-
pants did not answer the question on vaccination sta-
tus, and were excluded from the analysis. Of the 3,250 
remaining participants, 487 were vaccinated, with 446 
(13.7%) reporting to have received one dose at the time of 
the survey, while 25 (0.8%) had received both doses. 2,066 

(74.7%) of the 2,763 unvaccinated participants answered 
had the intention to receive a vaccination, and of those, 
720 (34.8%) actively tried to, but had not yet received 
vaccination at the time of the study (cf. Fig. 1).

178 (6.4%) participants answered that they would not 
want to get vaccinated against Mpox, and 479 (17.3%) 
were still unsure, or had not thought about their intent 
before participating in the survey. 40 participants did not 
respond whether they would like to receive vaccination. 
Of all included participants, 1,325 (40.8%) had an indi-
cation for an Mpox vaccination. Of those, 32 (3.5%) did 
not want to get vaccinated, and 79 (8.7%) were unsure or 
have not thought about receiving vaccination.

Table  1 shows the sociodemographic data of all 
included participants in total, and the groups of the 
regression analyses. Overall, most participants were 
between 26 and 45 years old, lived in an urban envi-
ronment with 100,000 inhabitants or more and had an 
A-level education or higher. 614 participants (18.9%) 
identified as cis-heterosexual.

Distribution of participants’ answers of the 5  C ques-
tionnaire is shown in the Supplement Table.

Results of the multinomial regression analysis can be 
found in Table 2. Confidence and collective responsibility 
were positively associated with the intention to receive 
a vaccination, actively trying to receive vaccination, and 
with being vaccinated at the time of the survey. Compla-
cency was negatively associated in all groups; for exam-
ple, with each increase of one point on the complacency 
scale, the odds of having actively tried to receive vaccina-
tion decreased by a factor of 0.6.

Calculation was positively associated with the intention 
to get vaccinated. Having an indication was positively 
associated with higher odds of intention without having 
tried, with actively having tried to receive a vaccination 
and for being vaccinated; for example, having an indi-
cation increased the odds of having actively tried to get 
vaccinated by a factor of 11.56, and the odds of being vac-
cinated by a factor of 38.24.

Constraints negatively impacted the intention as well 
as being vaccinated. For example, an increase of one 
point on the constraints scale decreased the odds to be 
vaccinated by 0.81, therefore the likelihood to be vacci-
nated was lower for participants who perceived higher 
constraints. It was more likely for participants to try to 
receive a vaccination and for being vaccinated when they 
were patients in a HIV practice. Level of education had 
no impact on vaccination behavior.

Discussion
In our analysis on vaccination behavior regarding Mpox 
vaccinations in Germany, we could show that for the 
items of the 5  C Model, confidence and feelings of col-
lective responsibility were positively associated with the 
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intention to get vaccinated, while complacency had a 
negative influence. Calculation played a role in the inten-
tion, but not in actively trying to get vaccinated. When 
participants were patients of an HIV practice, it was 
more likely for them to have actively tried to get vacci-
nated or to already be vaccinated against Mpox.Perceived 
constraints made it less likely to be vaccinated. Having an 
indication for a vaccination was a strong predictor in all 
groups.

In our study, the overall intention to get vaccinated 
was lower compared to a study from the United King-
dom with mostly LGBTQIA + participants, in which 86% 
reported they would accept a vaccine. In their sample, 
non-MSM were less likely to accept a vaccine if offered, 
and the overall intention decreased with lower ability 
to afford basic needs and with lower education [7]. This 
stood in contrast to our results, where level of education 
had no influence on vaccination behavior.

Comparing our results to a study on the US general 
public, in which only 46% of respondents intended to get 
vaccinated even when it was recommended to them [6], 

our study showed a higher intention to receive a vaccina-
tion against Mpox. The study indicates that lack of clear 
communication might be a reason for the low intention 
to get vaccinated. The higher intention in our study can 
be attributed to the oversampling of LGBTQIA + partici-
pants, and as a potentially vulnerable group they might 
be more accepting of an Mpox vaccine. This is also in line 
with the recommendation to give the vaccine only to spe-
cific target demographics.

In a French study on Mpox vaccinations in MSM on 
PrEP or with a HIV positive status, 33.6% were hesitant 
to be vaccinated, but vaccination acceptance rose with 
number of sexual partners during the previous months 
[9]. This is in accordance with our findings, in which a 
higher number of sexual partners was a strong predictor 
in vaccination behavior in all groups.

In a study on COVID-19 vaccination behavior in stu-
dents from Belgium, the Netherlands and Portugal, col-
lective responsibility as well as confidence were most 
strongly related to a vaccination intention, concluding 
that characteristics associated with these factors should 

Fig. 1  Participant flowchart
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be targeted to improve vaccination campaigns. Con-
straints played a lesser role, although high self-efficacy 
had a decreasing effect on perceived constraints [17]. 
Our results also suggest confidence in vaccines as an 
influencing factor. It could be argued that confidence 
played a larger role in the COVID-19 pandemic, since the 
mRNA vaccines against COVID-19 that were more com-
monly used in Germany are still relatively new and it has 

been shown that post-pandemic, confidence in vaccines 
in general was described to have decreased [12].

Constraints in receiving a vaccination are associated 
with perceived subjective factors like everyday stress and 
feeling uncomfortable at a doctor’s office, but also with 
objective factors like a lack of access to vaccines and lack 
of service delivery [13]. In our results, decrease in per-
ceived constraints was observed when participants suc-
cessfully received a vaccination. These findings indicate 

Table 1  Demographic data of included participants, August 2022, n = 3,250
All
(n = 3,250)

No intention to receive vacc.
(n = 657)

Intention to receive vacc. (n = 2,066) Vaccinated
(n = 487)Not tried to

receive vacc.
(n = 1,346)

Tried to
receive vacc.
(n = 720)

Age Group
18–25 years 423 (14.6%) 111 (19.4%) 226 (18.6%) 69 (10.5%) 17 (3.8%)
26–35 years 897 (31.0%) 171 (29.9%) 389 (32.1%) 228 (34.5%) 109 (24.5%)
36–45 years 818 (28.3%) 125 (21.9%) 308 (25.4%) 202 (30.6%) 183 (41.1%)
46–55 years 522 (18.1%) 100 (17.5%) 208 (17.1%) 119 (18.0%) 95 (21.3%)
56 or more years 229 (7.9%) 64 (11.2%) 82 (6.8%) 42 (6.4%) 41 (9.2%)
Missing Data 361 86 133 60 42
Living Environment†

Urban 2,136 (74.1%) 363 (63.7%) 829 (68.5%) 551 (83.6%) 393 (88.7%)
Middle sized town 338 (11.7%) 88 (15.4%) 173 (14.3%) 54 (8.2%) 23 (5.2%)
Small town 235 (8.2%) 63 (11.1%) 122 (10.1%) 38 (5.8%) 12 (2.7%)
Rural 173 (6.0%) 56 (9.8%) 86 (7.1%) 16 (2.4%) 15 (3.4%)
Missing Data 368 87 136 61 44
Education
A-level or higher 2,551 (88.6%) 498 (87.5%) 1,060 (87.7%) 594 (90.1%) 399 (90.3%)
Under A-level 328 (11.4%) 71 (12.5%) 149 (12.3%) 65 (9.9%) 43 (9.7%)
Missing Data 371 88 137 61 45
Identity / Orientation
Cis-heterosexual 614 (21.3%) 227 (39.9%) 354 (29.2%) 30 (20.5%) 3 (0.7%)
LGBTQIA+ 2,271 (78.7%) 342 (60.1%) 858 (70.8%) 630 (95.5%) 441 (99.3%)
Missing Data 365 88 134 60 43
LGBTQIA+: lesbian, gay, bisexual, transgender, queer, intersex, asexual or other non-cis-heterosexual identity/orientation; † urban = > 100,000 inhabitants, middle 
sized town = > 20,000–100,000 inhabitants, small town = > 5,000–20,000 inhabitants, rural = up to 5,000 inhabitants

Table 2  Multinomial regression analysis
Intention to receive vaccination (n = 2,066) Vaccinated

(n = 487)Not tried to receive
vacc. (n = 1,346)

Tried to receive
vacc. (n = 720)

OR [95% CI] OR [95% CI] OR [95% CI]
Intercept 0.02 [0.00, 0.08] 0.00 [0.00, 0.01] 0.00 [0.00, 0.02]
Confidence 1.34 [1.15, 1.56] 1.37 [1.14, 1.65] 1.40 [1.12, 1.74]
Complacency 0.67 [0.57, 0.78] 0.60 [0.50, 0.72] 0.78 [0.63, 0.97]
Constraints 1.25 [1.14, 1.37] 1.30 [1.16, 1.45] 0.81 [0.70, 0.93]
Calculation 0.84 [0.77, 0.91] 0.95 [0.86, 1.06] 0.97 [0.86, 1.10]
Collective Responsibility 1.69 [1.39; 2.05] 1.87 [1.58, 2.23] 1.32 [1.06, 1.63]
Indication† 1.88 [1.42; 2.50] 11.56 [8.47, 15.78] 38.24 [24.05, 60.80]
Level of Education 0.84 [0.60; 1.17] 1.15 [0.76, 1.75] 1.37 [0.83, 2.26]
Patient of HIV practice 1.42 [0.87, 2.31] 4.67 [2.91, 7.50] 11.00 [6.76, 17.90]
Patient of General Practice 0.97 [0.73, 1.30] 1.07 [0.75, 1.53] 0.76 [0.50, 1.18]
significant findings are highlighted in bold. CI: confidence interval, OR: odds ratio
† Indication: persons not defining as women who self-identified as homosexual, gay, bisexual, or pansexual, with more than one sexual partner in the last 12 months
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that constraint might be a malleable factor in the vacci-
nation behavior for Mpox vaccines.

Our study has several limitations. Due to the overs-
ampling of LGBTQIA + participants, our study does not 
reflect the general population: people more interested 
in Mpox and in vaccinations in general might have had 
a higher probability of taking part in our study, how-
ever, we assume the subgroups to be comparable with 
each other. As our study was designed as a survey, cross-
sectional data has limitations for causal relations. This is 
especially relevant in vaccination studies, as the uptake 
of a vaccination can influence the attitude towards vac-
cinations. Vaccination status was self-reported and might 
lead to misclassification. We also acknowledge that an 
online survey comes with a potential selection bias, as it 
requires internet access, technical understanding, and lit-
eracy skills. To account for better accessibility, the survey 
was offered in English and German, however, less than 
30 participants accessed the English version. People with 
higher level of education were more likely to participate.

Missing data in our calculations are attributed to par-
ticipants who quit the survey mainly on the first two 
pages.

Conclusion
The findings of our study suggest that future vaccination 
campaigns against Mpox should focus on decreasing bar-
riers, for example by making the vaccines widely avail-
able in primary care institutions, other than HIV-focused 
practices in sufficient amounts, thus allowing more peo-
ple to follow through on their intention to get vaccinated. 
Public campaigns should be tailored to address the target 
groups’ specific perceived constraints and appeal to their 
feeling of collective responsibility.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-024-18489-8.

Supplementary Material 1

Acknowledgements
The authors would like to thank Dr. Hendrik Napierala for consulting on the 
data analysis process, and Dr. Meyyammai Meyyappan for proofreading and 
language editing.

Author contributions
Study conception: PO, WJH. Data collection: PO, WJH. Data analysis and 
interpretation: WJH. Drafting the manuscript: PO, JG, JD, WJH. Approved the 
final version submitted: All authors. Study supervision: WJH.

Funding statement
Open Access funding enabled and organized by Projekt DEAL. There was no 
specific funding for this study.
Open Access funding enabled and organized by Projekt DEAL.

Data availability
Due to the sensible content and informed consent, datasets used and 
analysed are not openly available. If in line with informed consent given, 
parts of the dataset can be made available from the corresponding author on 
reasonable request.

Declarations

Ethical approval
The study was carried out in accordance with the Helsinki Declaration and 
German Law. All participants gave electronic informed consent before 
participation in the study. It was reviewed and approved by the Ethics 
Committee of Charité– Universitätsmedizin Berlin (EA1/180/22).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 2 May 2023 / Accepted: 29 March 2024

References
1.	 Nuzzo JB, Borio LL, Gostin LO. The WHO Declaration of Monkeypox as 

a Global Public Health Emergency. JAMA. 2022;328(7):615. https://doi.
org/10.1001/jama.2022.12513.

2.	 Gruber MF. Current status of monkeypox vaccines. Npj Vaccines. 2022;7(1):94. 
https://doi.org/10.1038/s41541-022-00527-4.

3.	 Robert Koch-Institut. Affenpocken Impfmonitoring– Juni - November 2022, 
Berlin 2022. Berlin; 2022.

4.	 Gagneux-Brunon A, Dauby N, Launay O et al. Intentions to Get Vaccinated 
against Monkeypox in Healthcare Workers in France and Belgium Correlates 
with Attitudes toward COVID-19 Vaccination. preprint. Infectious Diseases 
(except HIV/AIDS); 2022.; https://doi.org/10.1101/2022.08.25.22279205.

5.	 Temsah M-H, Aljamaan F, Alenezi S, et al. Monkeypox caused less worry 
than COVID-19 among the general population during the first month of the 
WHO Monkeypox alert: experience from Saudi Arabia. Travel Med Infect Dis. 
2022;49:102426. https://doi.org/10.1016/j.tmaid.2022.102426.

6.	 Winters M, Malik AA, Omer SB. Attitudes towards Monkeypox vaccination and 
predictors of vaccination intentions among the US general public. Harapan 
H. edPLOS ONE. 2022;17(12):e0278622; https://doi.org/10.1371/journal.
pone.0278622.

7.	 Paparini S, Whitacre R, Smuk M, et al. Public understanding and awareness 
of and response to monkeypox virus outbreak: a cross-sectional survey of 
the most affected communities in the United Kingdom during the 2022 
public health emergency. HIV Med. 2022. https://doi.org/10.1111/hiv.13430. 
hiv.13430.

8.	 Owens C, Hubach RD. Rural-urban differences in monkeypox behaviors and 
attitudes among men who have sex with men in the United States. J Rural 
Health. 2022. https://doi.org/10.1111/jrh.12726. jrh.12726.

9.	 Zucman D, Fourn E, Touche P, et al. Monkeypox Vaccine Hesitancy in French 
men having sex with men with PrEP or living with HIV in France. Vaccines. 
2022;10(10):1629. https://doi.org/10.3390/vaccines10101629.

10.	 MacDonald NE. Vaccine hesitancy: definition, scope and determinants. Vac-
cine. 2015;33(34):4161–4. https://doi.org/10.1016/j.vaccine.2015.04.036.

11.	 Clark SE, Bledsoe MC, Harrison CJ. The role of social media in promoting vac-
cine hesitancy. Curr Opin Pediatr. 2022;34(2):156–62. https://doi.org/10.1097/
MOP.0000000000001111.

12.	 Siani A, Tranter A. Is vaccine confidence an unexpected victim of the 
COVID-19 pandemic? Vaccine. 2022;40(50):7262–9. https://doi.org/10.1016/j.
vaccine.2022.10.061.

13.	 Betsch C, Schmid P, Heinemeier D et al. Beyond confidence: Development 
of a measure assessing the 5 C psychological antecedents of vaccination. 
Angelillo IF. ed. PLOS ONE. 2018;13(12):e0208601; https://doi.org/10.1371/
journal.pone.0208601.

14.	 Matthiesen S, Pietras L, Bode H, et al. Methodology of the German National 
Sex Survey– GeSiD (German Health and Sexuality Survey). J Sex Res. 
2021;58(8):1008–18. https://doi.org/10.1080/00224499.2021.1875188.

https://doi.org/10.1186/s12889-024-18489-8
https://doi.org/10.1186/s12889-024-18489-8
https://doi.org/10.1001/jama.2022.12513
https://doi.org/10.1001/jama.2022.12513
https://doi.org/10.1038/s41541-022-00527-4
https://doi.org/10.1101/2022.08.25.22279205
https://doi.org/10.1016/j.tmaid.2022.102426
https://doi.org/10.1371/journal.pone.0278622
https://doi.org/10.1371/journal.pone.0278622
https://doi.org/10.1111/hiv.13430
https://doi.org/10.1111/jrh.12726
https://doi.org/10.3390/vaccines10101629
https://doi.org/10.1016/j.vaccine.2015.04.036
https://doi.org/10.1097/MOP.0000000000001111
https://doi.org/10.1097/MOP.0000000000001111
https://doi.org/10.1016/j.vaccine.2022.10.061
https://doi.org/10.1016/j.vaccine.2022.10.061
https://doi.org/10.1371/journal.pone.0208601
https://doi.org/10.1371/journal.pone.0208601
https://doi.org/10.1080/00224499.2021.1875188


Page 7 of 7Oeser et al. BMC Public Health         (2024) 24:1039 

15.	 RCore Team. R: A Language and Environment for Statistical Computing. 2022.
16.	 Kwok KO, Li K-K, Wei WI, et al. Influenza vaccine uptake, COVID-19 vaccination 

intention and vaccine hesitancy among nurses: a survey. Int J Nurs Stud. 
2021;114:103854. https://doi.org/10.1016/j.ijnurstu.2020.103854.

17.	 Wismans A, Thurik R, Baptista R et al. Psychological characteristics and the 
mediating role of the 5 C Model in explaining students’ COVID-19 vaccina-
tion intention. Delcea C. ed. PLOS ONE. 2021;16(8):e0255382; https://doi.
org/10.1371/journal.pone.0255382.

18.	 Neufeind J, Betsch C, Zylka-Menhorn V, et al. Determinants of physician atti-
tudes towards the new selective measles vaccine mandate in Germany. BMC 
Public Health. 2021;21(1):566. https://doi.org/10.1186/s12889-021-10563-9.

19.	 Geiger M, Rees F, Lilleholt L, et al. Measuring the 7Cs of Vaccination Readiness. 
Eur J Psychol Assess. 2022;38(4):261–9. https://doi.org/10.1027/1015-5759/
a000663.

20.	 Oeser P, Napierala H, Schuster A, et al. Risk factors for monkeypox infection—
a cross-sectional study. Dtsch Ärztebl Int. 2023. https://doi.org/10.3238/
arztebl.m2022.0365.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.ijnurstu.2020.103854
https://doi.org/10.1371/journal.pone.0255382
https://doi.org/10.1371/journal.pone.0255382
https://doi.org/10.1186/s12889-021-10563-9
https://doi.org/10.1027/1015-5759/a000663
https://doi.org/10.1027/1015-5759/a000663
https://doi.org/10.3238/arztebl.m2022.0365
https://doi.org/10.3238/arztebl.m2022.0365

	﻿The 5 C model and Mpox vaccination behavior in Germany: a cross-sectional survey
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


