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Abstract: During the COVID-19 pandemic, vaccination hesitancy (VH) posed an equally
unexpected and significant obstacle to the effectiveness of public health interventions. VH
has not only the potential to stir up public unrest, but it may also impede the success of
entire immunization programs and thus prevent the attainment of herd immunity. This
cross-sectional, quantitative, and descriptive study examined VH and vaccination behavior
(VB) among 3486 university students in Ghana, using a standardized self-administered
questionnaire based on the 5Cs model among other relevant variables. The findings
confirm a significant VH and a VB influenced by both sociodemographic factors, such as
gender (OR: 1.45; [CI: 1.26–1.67]), study program (OR: 0.55; [CI: 0.47–0.64]), and ethnicity
(OR: 1.31; [CI: 1.12–1.52]) and also four of the 5Cs, i.e., Confidence (OR:1.56; [CI: 1.45–1.68]),
Constraints (OR: 0.83; [CI: 0.78–0.87]), Calculation (OR:0.85; [CI: 0.78–0.92]), and Collective
Responsibility (OR:1.27; [CI: 1.16–1.38]), yet not Complacency, nor religion. Notably,
VH was further shaped by previous vaccine experience, information sources, vaccine
attributes, stance on vaccine passport, and conspiracy beliefs, with misinformation from
unofficial sources playing a key role. The multiple regression models explained 11% to
34% of the variance in the 5Cs, indicating varying degrees of explanatory power for each
factor influencing VB and eventually also VH. This study highlights the urgent need for
targeted public health interventions, such as integrating vaccine education into university
orientation programs, streamlining vaccination processes, and leveraging influencers for
trust-building campaigns.

Keywords: health attitudes; herd immunity; immunization programs; misinformation;
psychological models (5Cs model); public health interventions; vaccination hesitancy;
vaccinations; vaccines

COVID 2025, 5, 47 https://doi.org/10.3390/covid5040047

https://doi.org/10.3390/covid5040047
https://doi.org/10.3390/covid5040047
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/covid
https://www.mdpi.com
https://orcid.org/0000-0002-6235-6331
https://orcid.org/0000-0002-1965-4253
https://orcid.org/0000-0001-8142-2368
https://orcid.org/0000-0003-4474-4637
https://orcid.org/0000-0002-8411-6873
https://orcid.org/0000-0003-2911-2607
https://orcid.org/0000-0002-6288-7220
https://doi.org/10.3390/covid5040047
https://www.mdpi.com/article/10.3390/covid5040047?type=check_update&version=1


COVID 2025, 5, 47 2 of 16

1. Introduction
Although the COVID-19 pandemic of about five years ago has been superseded

in the news by war and other natural and manmade disasters, this viral outbreak has
claimed over 6 million lives worldwide [1,2]. In many countries of the Global South, such
as Ghana, the effects of COVID-19, combined with other infections, continue to be sig-
nificant, exacerbating a constant strain on the healthcare system and the economy [3–5].
Confronted by other infectious diseases, such as Ebola, influenza, malaria, cholera,
meningitis, HIV/AIDS, and a very recent outbreak of Mpox, vaccination in these coun-
tries is as important as ever and indeed the most effective antidote to future epidemics
and pandemics.

Yet, despite modern research and the development of effective and safe vaccines for
many of these infectious diseases, vaccination is not simply an automatism. Even during
the COVID-19 outbreak, large sections of populations in many countries worldwide have
refused to take the vaccines available [6,7]. In some countries, such as Germany, this has
even led to protests, riots, and new political parties ready to fight for the “right” to not
be vaccinated [8,9]. Indeed, the underlying behavior, known as “vaccination hesitancy”
(VH), and defined by the Strategic Advisory Group of Experts on Immunization (SAGE)
affiliated with the WHO as “the refusal or a delay in accepting vaccines despite their
availability” [10,11], remains a major hindrance to achieving herd immunity in many
countries [12]. Studies have confirmed that vaccination hesitancy poses a major obstacle
in the fight against the outbreaks of infectious diseases, which may lead to epidemics and
eventually to pandemics [13–17]. In some cases, such as cholera and meningitis, VH—and
not limited access to or effectiveness of modern, adequate vaccines—may even turn out to
be the main factor behind those outbreaks [18].

Ghana stands out among the African countries not only because of the devastating
impact of COVID-19 on its society, but it was also the first country to receive COVID-19
vaccines through the COVID-19 Vaccines Global Access (COVAX) Facility on 24 February
2021. Yet, despite this “early” access to COVID-19 vaccines, only 16% of Ghanaians were
fully vaccinated by March 2022, with 71% not receiving the second dose [19–21]. Even in
2023, Ghana’s COVID-19 vaccination rate was still less than 32% and thus behind many
African countries such as Rwanda and Mozambique [22]. Indeed, published studies have
reported some possible reasons, including concerns about vaccine safety, origins, limited
funds, and logistical requirements with the limited shelf-life of vaccines [23,24].

Low vaccination willingness remains a major issue to this day, especially among highly
educated young adults. At first, this may be rather surprising as one often instinctively
associates the educated “informed citizen” with rational decisions and choices. Nonetheless,
our previous study already reported a mismatch between high levels of knowledge about
infectious diseases including influenza, cholera, and COVID-19 on the one side and a
surprisingly low, often irresponsible practice of preventive measures on the other, including,
indeed, a low willingness to be vaccinated [25]. This poses the question of why educated
and informed young adults exhibit such a pronounced hesitancy towards being vaccinated
despite obviously “knowing it better”. In that study [25], higher levels of knowledge
about infectious diseases correlated positively with higher levels of education and younger
adults. Indeed, the decision to accept or to refuse a vaccine is influenced by an individual’s
psychological factors which may not always follow a predictable or definite pattern. This
choice may come after an intricate deliberation process possibly affected by a myriad of
personal and social factors [26].

The 5Cs model developed and validated by Betsch et al. (2018) and built upon estab-
lished theoretical frameworks, such as the Health Belief Model and the Theory of Planned
Behavior, is widely adopted and accepted in the literature for predicting hesitancy behav-
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ior [27]. It employs five psychological constructs, called “antecedents of vaccinations”,
namely Confidence, Complacency, Constraints/Convenience, Calculation, and Collective
Responsibility. These constructs, in turn, may be influenced by various environmental fac-
tors subsumed under the so-called “epidemiological triad of the environment”, composed
of (a) social determinants, such as public health policies, messages spread by media, and
social factors, (b) the vaccine and disease itself (perception of vaccine safety, effectiveness,
and perceived susceptibility to the disease), and (c) the host (i.e., knowledge, previous
experience, and educational level) [10,27–32]. The five antecedents and their predictive
roles in influencing VH are presented in Figure 1.
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Is it possible to identify the factors underlying this VH and thus develop strategies to
influence them in order to minimize VH and increase the success of vaccination campaigns?
This study therefore aims to assess VH among university students in Ghana, utilizing the
5Cs model, in order to examine the influence of each of the 5Cs psychological antecedents
of vaccination behavior and to explore the impact of multiple external, environmental
variables, such as vaccination experience/history, conspiracy mentality/misinformation,
sources of vaccination information (official and unofficial), vaccine passport and vaccine
attributes on these 5Cs, and subsequently the individual inclination towards vaccination.

2. Materials and Methods
2.1. Questionnaire

The standardized 51-item questionnaire consisted of three main sections (https:
//doi.org/10.17605/OSF.IO/AFUP7, accessed on 25 March 2025) The first section probed
sociodemographic information of participants including age (year of birth), gender, reli-
gion, ethnicity, and study program. The second section included participants’ informa-
tion regarding vaccines, that is, their vaccine experience (whether they have previously
received eight specific vaccines such as against COVID-19, polio, and yellow fever),
sources of information about vaccines such as governmental agencies, social influencers
and/or scientific literature, and misinformation about vaccines (conspiracy theories re-
garding vaccines which were common around the time of this study and featured in local
news or social media platforms such as vaccines being ineffective, causing infertility, or
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simply produced for financial gain). It should be noted that one item exploring misinfor-
mation about vaccines was true, “Vaccines sensitize the body and offer protection against
diseases”, and was included to enhance quality during data collection. The third section
was dedicated to evaluating psychological antecedents regarding vaccines. Here, the
participants’ responses to the 5Cs (Confidence, Complacency, Constraints, Calculation,
and Collective Responsibility), adopted from Betsch et al. (2018) were assessed [26]. Each
antecedent of the 5Cs was measured through three items; the long version of the model,
consisting of 15 items, was employed. Afterwards, the influence of attributes related
to vaccines (origin, brand name, and popularity) on participants’ willingness to accept
such vaccines, as well as participants’ perception of the effectiveness and acceptability
of vaccine passports was each measured with one item. It should be noted that, despite
the questionnaire consisting of 51 items, only data pertaining to 45 items were processed
and presented in the current study.

2.2. Study Design and Data Collection

The questionnaire was distributed physically (paper form) and digitally (sharing of
link or scanning of a QR code) between July 2022 and October 2022 by the principal inves-
tigator and trained volunteers at the designated locations, Kwame Nkrumah University
of Science and Technology (KNUST), University of Ghana (UG), and University of Cape
Coast (UCC), after acquiring consent, and the questionnaire was self-administered by par-
ticipants (https://doi.org/10.17605/OSF.IO/AFUP7, accessed on 25 March 2025). The
digital data were collected through Google Forms and stored in a password-protected
electronic format. Ethical clearance for this study was granted by the Ethics Committee
on Human Research Publication and Ethics, School of Medicine and Dentistry, KNUST,
Kumasi, Ghana (Ref#: CHRPE/AP/345/22). The purposively selected locations, (i.e.,
KNUST, UG, and UCC), satisfied this study’s criteria of having health and non-health-
related study programs and also having a student population of no less than 25,000.
These criteria were set by the researchers to account for variability and improve the
generalizability of this study’s outcomes.

Faculties and departments at each of the three study sites were classified and structured
based on scientific discipline as being either medical (fields of study related to health,
disease prevention, treatment, and healthcare systems) or non-medical and were selected
upon balloting. Once a faculty or department was balloted, the principal investigator
and trained volunteers visited the location and distributed the questionnaire through
convenience sampling at lecture halls and campuses and asked participants to share the
link to the questionnaire on electronic group-study platforms, such as WhatsApp, to reach
as many students as possible.

2.3. Statistical Analysis

The raw data were transferred to Microsoft Excel version 16.78.3 (2019) where it was
validated qualitatively, checked, and cleaned. All subsequent analyses were conducted
using R (R core team, 2021) including the packages car [33], and mice [34] at the Depart-
ment for Economics and Sociology of Sports, Faculty of Economics and Empirical Human
Sciences, Saarland University, Germany. All items in the questionnaire were collected as
categorical variables (Yes/No/Prefer not to say/Don’t know) apart from year of birth,
which was afterwards converted to age (ordinal scale), the 5Cs antecedents, and vaccine
attributes which have been measured based on a Likert-type scale from 1 (strongly dis-
agree) to 7 (strongly agree). A seven-point scale was to increase granularity leading to
the enhanced robustness and reliability of the measurement. The religion variable, which
consisted of six categories, ethnicity variable, which had 13 categories, and study program
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were dichotomized and reduced to Christians/non-Christians, Akans/non-Akans, and
medical/non-medical, respectively, for convenience. Furthermore, for vaccine experience,
misinformation (conspiracy mentality), vaccine attributes, and vaccine passport, the an-
swers were summed up and divided by the number of the items in each part resulting
in a score ranging from 1 to 0. In the case of vaccine experience which had 8 items, for
example, “No” answers were coded as having the value of 1, while “Yes” answers were 0.
The sum was then divided by 8 and, therefore, a score closer to 0 indicates a higher number
of vaccines received. In the case of misinformation (conspiracy mentality), which consisted
of 4 items, values closer to 0 indicate a higher level of misinformation about vaccines.

A total of 4126 individuals participated in this study. This included university students
at different levels of their studies, non-student university community members, and others.
The data set was filtered to include only students, i.e., undergraduates and postgraduates,
eventually resulting in a data set: n = 3486. As for missing data, multiple imputation
(100 iterations) was performed for participants who answered “Prefer not to say” or
“Don’t know”, to deal with item non-responses. Missing data accounted for 16.9% cases.
In the regression analysis, two models were employed. The first model applied binary
logistic regression to predict adulthood vaccination behavior (VB) using acceptance of
the COVID-19 vaccine as a dependent variable. Here, the starting model, Basic Model,
included only the sociodemographic variables (age, gender, religion, ethnicity, and field
of study) as independent variables. The Extended Model to explain VB further included
the 5Cs antecedents as additional predictors. As for reference categories, in gender it was
“female”, “Akan” in ethnicity, “Christian” in religion, and “non-health students” in study
program. The assumptions of multicollinearity were tested, and heteroscedasticity was
assessed using the Goldfeld–Quandt t-test. There were no repeated observations in the data
and the observations were random and without biases. Due to the multiple imputation
technique, t-tests were employed to compare the Akaike Information Criterion (AIC) and
Nagelkerke R-squared distributions between the Basic Model and the Extended Model.
Additionally, to confirm the improved prediction by the Extended Model, two-way ANOVA
was used to evaluate differences between the models. For all statistical tests, the level of
significance was 5%.

The second model aimed to explain vaccine hesitancy (VH) deploying a multivari-
ate regression method having each of the 5Cs as dependent variables, hence resulting
in five different sub-models. This multivariate multiple regression model included the
following independent variables: gender, religion, ethnicity, study program, vaccina-
tion experience, vaccine misinformation, information sources, vaccine attributes, and the
respondent’s stances towards a vaccine passport. The analysis provides the following
statistical information about factors influencing hesitancy: regression/beta coefficients
indicative of the strength and direction of the association between the predictors and the
outcome when holding other variables constant, odds ratios (OR) with 95% confidence
intervals as measures of the impact of predictors on outcome, and p-values as appropriate.
Additional information, including t-values showing if the regression/beta coefficients
significantly differ from zero, pseudo R-squared values measuring the proportions of
variance in the outcome explained by the predictors, and F-statistics assessing the overall
significance of the models are also provided in the results and in analytical documentation
(https://doi.org/10.17605/OSF.IO/AFUP7).

3. Results
Among the total participants, about 40% had not taken the COVID-19 vaccine (the

reference vaccine for VB) out of which 71% were non-health subject students. The findings
also support the notion that the 5Cs are crucial for assessing VB and VH, as four of the

https://doi.org/10.17605/OSF.IO/AFUP7


COVID 2025, 5, 47 6 of 16

5Cs, namely Confidence (OR = 1.56 [1.44–1.68), Constraints (OR = 0.83 [0.78–0.97]), Cal-
culation (OR = 0.85 [0.78–0.87]) and Collective Responsibility (OR = 1.26 [1.16–1.38])—not
Complacency—significantly predicted VB (p < 0.001). Notably, the 5Cs themselves seem
to be significantly influenced by several factors. Vaccine attributes, for example, had a
significant influence on all the 5Cs. This is also the case for misinformation (conspiracy
mentality). In the next subsection, the sociodemographic details of the participants are
first presented, followed by the descriptive statistics on participants’ information regarding
vaccines and their psychological antecedents. Later on, results from the inferential statistics
are demonstrated to attempt at explicating first the vaccine behavior (VB) and then vaccine
hesitancy (VH) based on the 5Cs.

3.1. Descriptive Statistics
3.1.1. Sociodemographic Information

The sample included in the statistical analysis was n = 3486. The median age of the
participants was 21 years, with an interquartile range (IQR) of 19–28 years. Most of the
participants were males (55.8%), Christians (92.2%), and Akan (64.3). The study partici-
pants were predominantly from non-medical-related study disciplines (62.4%) compared
to medical-related disciplines. The overall characteristics of this study is summarized
in Figure 2.
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3.1.2. Factors Influencing Vaccination

In this subsection, the results pertaining to mean values and standard deviations
of participants’ vaccine experience, conspiracy mentality (misinformation), and vaccine
attributes are presented. See Table 1.

Table 1. Mean scores and standard deviations for factors influencing vaccination.

Vaccination-Related Factors Valid Mean SD

Vaccine Experience 1878 0.64 0.30
Conspiracy Mentality 1797 0.7 0.24
Vaccine Attributes 3486 0.2 0.23

Score ranges: vaccine experience: 0 (highest) and 1 (lowest); conspiracy mentality: 0 (highest) to 1 (none) and
vaccine attributes: 0 (no importance) to 1 (high importance).

When participants were asked about vaccine information sources influencing their
vaccination decision, official sources were the most utilized. The scientific literature on
vaccines (articles, books, journals, etc.) and international agencies on health (e.g., the
WHO, USAID, CDC UNICEF, etc.) were leading sources with 2545 and 2491 respondents,
respectively. Unofficial sources, such as family and friends, were also preferred by about
two-thirds of the respondents. Governmental agencies and traditional media outlets had a
notable influence, while social media and influencers were less preferred, as represented
in Figure 3a.
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As vaccine passports were mandatory in Ghana, this study assessed respondents’
opinions on vaccine passports and their influence on vaccination. The results showed
that 1440 respondents supported them. Whilst a small majority supported the use of
vaccination status as a criterion for accessing public places such as restaurants, tourist
sites, and universities, a notable number of respondents were against this, as represented
in Figure 3b.
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3.1.3. Distribution and Mean Scores of the 5Cs

The results interpreted on a seven-point Likert-type scale from 1 (strongly disagree)
to 7 (strongly agree) are presented as mean and standard deviations of the 5Cs con-
struct in analytical documentation (https://doi.org/10.17605/OSF.IO/AFUP7, accessed on
25 March 2025) Table 2.

Table 2. 5Cs of the Ghanaian university students.

5Cs Mean SD

Confidence 2.30 1.31
Complacency 4.40 1.79
Constraints 3.88 1.95
Calculation 1.98 1.09
Collective Responsibility 2.88 1.19

3.2. Inferential Statistics
3.2.1. Evaluation of Factors Influencing Vaccination Behavior

A logistic regression model was employed to investigate vaccination behavior
(VB) (whether the participant has received the COVID-19 vaccine or not) of partici-
pants. Initially, a Basic Model based on sociodemographic predictors was calculated
(https://doi.org/10.17605/OSF.IO/AFUP7). According to this Basic Model, all the sociode-
mographic predictors provided a significant correlation with VB (p < 0.001). The results
revealed that religion (non-Christian), gender (male), ethnicity (non-Akans), and study
program (non-medical student) significantly correlated with VB in a negative manner with
OR values of 1.72 [1.31–2.26], 1.45 [1.26–1.67], 1.31 [1.12–1.52], and 0.548 [0.47–0.64], respec-
tively. The male population exhibited higher odds of not being vaccinated compared to
the female population. Moreover, the participants of non-medical programs showed lower
odds of being vaccinated than students from courses related to health and medicine. This
model explains only 5% of the variability in VB by the sociodemographic data, indicating
that these factors could have a limited ability to predict vaccination behavior. Subsequently,
when extending the Basic Model by adding the 5Cs, the significant influence of sociodemo-
graphic variables persists except for the influence of religion. Beyond sociodemographic
determinants, the Extended Model highlights an influence of Confidence on vaccines,
Constraints on vaccination, Calculation (i.e., risks–benefits assessment of vaccines), and
sense of Collective Responsibility on an individual’s VB, as indicated in Figure 4.

Odd ratios of 1.56 [1.45–1.68] and 1.27 [1.16–1.38] for getting vaccinated have been
estimated for Confidence and Collective Responsibility, respectively, making these two
antecedents stand out positively and show that participants high in these antecedents are
more likely to be vaccinated. Constraints (OR = 0.83 [0.78–0.87]) and Calculation (OR = 0.85
[0.78–0.92]) show a decreased likelihood of being vaccinated among the cohort high in
these antecedents, and Complacency has no significant influence. Notably, the Extended
Model including the 5Cs explains about 20% of the variance in VB. Comparison of the two
models showed that adding the 5Cs significantly improves the explanation of variance in
VB compared to the Basic Model.

https://doi.org/10.17605/OSF.IO/AFUP7
https://doi.org/10.17605/OSF.IO/AFUP7
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Figure 4. Extended logistic regression model illustrating the influence of sociodemographic variables
and 5Cs constructs on VB. This model explains the variance in VB by 20% by (R2 = 0.20).

3.2.2. Multivariate Regression Explicating the 5Cs Model for Vaccination Hesitancy

In order to evaluate factors influencing vaccination hesitancy, a multivariate regression
model was employed to explore the impact of different factors on each of the 5Cs. This
model was built to analyze the impact of sociodemographic (study program [medical]
and religion [non-Christians]), vaccine experience, conspiracy mentality/misinformation,
vaccine information sources, vaccine attributes, and vaccine passport/policies on the 5Cs
psychological antecedents. The influences of the different factors on each of the 5Cs are
presented in Figure 5.

Amongst all the 5Cs, the variance among the participants in their Confidence (sub-
model a) was best explained by the predictors, followed by Collective Responsibility with
adjusted R-squared values of 0.339 and 0.200, respectively. Complacency and Constraints
were explained to a similar level with adjusted R-squared values of 0.151 and 0.144, re-
spectively, whilst variance in Calculation could be explained the least with an adjusted
R-squared value of 0.110.

Conspiracy mentality and unofficial (mis-)information consistently showed a negative
impact on the (positive) vaccination traits across each of the antecedents studied, while
(reliable) official information sources and vaccine attributes had positive effects on the
5Cs variance. Conspiracy mentality, for instance, negatively impacts the Confidence
(β = −1.476), Complacency (β = −1.607), and Collective Responsibility (β = −1.135) and
positively influences the Constraints (β = 1.578), contributing to an overall significant
VH among the educated population. Reliable official information sources and vaccine
attributes had positive effects on the 5Cs, with vaccine attributes significantly contributing
to the explaining the variance in Confidence (β = 2.258, p < 0.001), Calculation (β = 1.655,
p < 0.001), and Collective Responsibility (β = 0.734, p < 0.001).

On one hand, unofficial sources of vaccine information had significantly increased
the level of Constraints in individuals (β = 0.890, p < 0.001), while on the other hand,
decreased the level of Complacency (β = −0.850, p < 0.001), thus, significantly promoting
VH. Official information (β = 1.099, p < 0.001 for Complacency; β = 0.602, p < 0.001 for
Collective Responsibility) and studying a medical-related subject (β = −0.646, p < 0.001
for Complacency) may directly, via increased knowledge or indirectly via the 5Cs, guard
against the influence of unofficial vaccine information sources. Additionally, vaccine
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passports were reported as a significant influence on a positive prediction for Confidence
(β = 0.508, p < 0.001) and Collective Responsibility (β = 0.545, p < 0.001).
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4. Discussion
This study contributes to the existing body of research by examining factors influ-

encing vaccination behavior as well as vaccination hesitancy among highly educated
individuals in Ghana. It provides insights which can inform targeted healthcare strategies
and policies to enhance vaccination uptake. This study confirms VH among university
students, where 40% of the sample remained unvaccinated against COVID-19 with 71%
of them who studied non-health disciplines. Confidence and Collective Responsibility in-
creased vaccination likelihood, whilst Constraints and Calculation decreased it. The study
also showed that gender (males), ethnicity (non-Akans), and study discipline (non-medical
students) exhibited higher VH. Official vaccine information sources were the most trusted,
whilst misinformation/conspiracy beliefs increased VH. Vaccine passports encouraged
vaccination and the addition of the 5Cs model improved the prediction of VB, accentuating
the role of trust, policy, and vaccine information sources in shaping VB.

Our findings among 3486 highly educated young persons in Ghana are in line with
recent studies, for instance by Yeboah et al. (2020) [25,35], which reported VH among edu-
cated populations. Indeed, this study unveiled a substantial gap between high educational
backgrounds and the actual practice of preventive measures against infectious diseases,
including vaccinations. In addition, Arko AB, 2023 [36] also reported VH among similar
young and highly educated cohorts with ‘supposed’ access to considerable information on
health and health-related issues. Indeed, it is more likely that psychological antecedents of
vaccination shape vaccination behavior and in doing so are often themselves influenced
by other environmental factors, such as sociodemographic factors and (mis)information
via official and unofficial vaccine information sources. These relationships not only expose
a set of potential obstacles towards effective vaccination campaigns. They also provide
impetus to deal with some of these issues openly and effectively, for instance by addressing
possible concerns on the one side and building on existing strengths on the other.

The 5Cs assessment reveals contributive elements of VH among the participants (as
shown in Table 2, Figures 4 and 5). Notably, similar to a study conducted in the USA [37],
Confidence—or lack thereof—is likely the most significant driver of VH, followed by
Collective Responsibility. The analysis of statistical means showed that Complacency,
Constraints, and Calculation exhibited patterns indicating either no significant effects or
positive association with VH. However, further analysis showed significant influence on
VB and thus, VH. The strong associations between VB, gender, ethnic groupings, and
VH factors, for instance, point to the need for individually tailored and more targeted
public health strategies [38,39]. On a gender-specific note, male-tailored education and
vaccination campaigns can alleviate the gender disparity towards vaccination. In Ghana,
ethnic variations, including geographical location, socioeconomic status, educational level,
religious beliefs, and cultural or traditional systems between Akans and non-Akan group-
ings impact VH determinants. These factors are reported in many studies to be significantly
associated with VB and thus VH [40–42], concurring with our studies where non-Akans
are more likely to not get vaccinated compared to Akans. For instance, Akan communities,
by virtue of their geographical locations in more developed regions, have more economic
opportunities [43,44], hence increasing their ability to afford and access vaccines in contrast
to non-Akans who are mostly in less economically developed regions and face financial
and logistical constraints to vaccination.

Ethnic-centric vaccination campaign strategies and policies in light of the aforemen-
tioned ethnic differences are pivotal to addressing unique vaccination concerns. In addition,
since ethnic groupings are mostly localized to specific regions in Ghana, the training and
involvement of localized leadership including traditional leaders (i.e., kings, chiefs, and
queen mothers), religious leaders, opinion leaders, or people of influence in public health
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promotions is imperative as reported in other studies [45,46]. Moreover, with the reported
levels of Constraints and its significant influence on VB, policies to reduce vaccination
constraints including lack of access, affordability, and availability should be top of the
agenda in public health interventions.

On the upside, this study also shows that a higher sense of Collective Responsibility ac-
tually increases the likeliness to get vaccinated, similar to findings from a study conducted
in Kenya [47], and thus social responsibility should be promoted and rewarded, also in pub-
lic. At the same time, governments and public health institutions in charge of vaccinations
should formulate policies and direct education that increases vaccine confidence via official,
trustworthy communication. It would be easy, for instance, to introduce relevant seminars
at the three Universities involved in this study and beyond, recruiting medical students to
inform non-medical students about infectious diseases, vaccines, and vaccination. Similarly,
non-governmental public influencers and political leaders themselves taking the vaccines
could play a positive role.

This “role model” approach has already shown to be highly beneficial during the
COVID-19 pandemic to boost interest in vaccination and may also safeguard against misin-
formation which has a distinctly negative influence on VB [48,49]. Whilst misinformation
concerning vaccine safety, efficacy, or ingredients can promote doubt and fear, they are fur-
ther exacerbated by conspiracy theories that suggest vaccines are part of a larger, nefarious
agenda [50,51]. Furthermore, the influence of misinformation on 5Cs and thus VH, align
with the findings of a study conducted in six Asian and African regions [35] where there
was a significant positive correlation between conspiracy beliefs and vaccine hesitancy. Offi-
cial sources, such as government health agencies, international organizations like the WHO,
and healthcare professionals, generally enhance public confidence in vaccines [52]. These
sources are often trusted due to their perceived expertise, authority, and commitment to
public health and, together with accurate, transparent, and consistent communication from
official sources may reassure the public about vaccine safety and efficacy, thus advancing
confidence and reducing VH.

The findings presented in this study demonstrate vaccine hesitancy among univer-
sity students in Ghana as a complex issue requiring integrated clinical and public health
approaches. The significant role of psychological factors, such as low confidence, high
complacency and constraints, and sociodemographic influences among male, non-Akan,
non-medical students, and conspiracy mentality suggests the need for targeted interven-
tions at several levels. Public health policymakers may benefit from adopting behavioral
science methods, which include peer testimonies, transparent communication about vaccine
safety, and perhaps small incentives, e.g., “thank you” certificates or vaccination pins, to
foster trust and collective responsibility. Traditional vaccination campaigns could introduce
focused vaccine education and practical tools such as an Email or SMS reminders to simplify
vaccination access. Healthcare providers, including campus clinics, can empathetically
discuss individual concerns, communicate early and clearly about vaccine efficacy, and
possible side effects, and thus, positively shape vaccination attitudes. These coordinated
efforts, informed by this study’s results, can meaningfully improve vaccine uptake and
strengthen community readiness for future health challenges.

5. Limitations of This Study
Our study is limited in generalizability as it has only been carried out on young uni-

versity students with no prior specific sample size calculations being made and participants
sampled by convenience. However, a larger and more varied sample may in part minimize
this limitation and improve external validity.
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Like any other survey study, our research was partly limited by a social desirability
bias [53]. This bias mostly affects the measurement of vaccination behavior and the 5Cs
and was not directly addressed by adding a social desirability scale [54]. Nevertheless,
the sample is characterized by a broad variety of ethnic and religious groups and study
courses. These differences may well concur with different (sub-) cultural social norms
and thus, this bias in individual answers may well be assumed to (partly) level out on
the collective level.

Another shortcoming of our approach results from the operationalization of vaccina-
tion hesitancy only as the contrary of positive vaccination behavior. Besides vaccination
hesitancy, vaccination behavior may well be influenced by other circumstances like legal or
contractual requirements for certain occupations. Additionally, not being vaccinated may
as well depend on other issues than mere hesitancy like chronic illnesses or lacking access to
vaccines. Future research may account for this by not only measuring vaccination behavior
but also addressing such factual reasons both for being vaccinated or not vaccinated.

While these limitations may be overcome in future research on VB/VH, we trust that
our study, nevertheless, provides valuable basic insights into the relevant determinants
of VB/VH.

6. Conclusions
Our study on highly educated young respondents in Ghana has confirmed varying

levels of VH in this section of society and shown that both sociodemographic factors and the
5Cs significantly influence VB. These findings also provide renewed impetus for addressing
some of the influences, concerns, and mechanisms that determine individual’s VB and
possibly lead to VH. Males, non-Akans, and those enrolled in non-health study programs
were less likely to be vaccinated and thus may require tailor-made, community-specific
information campaigns to overcome their inherent VH. Greater Confidence and a sense
of Collective Responsibility increase the likelihood of vaccination. Additionally, open and
transparent discussions about diseases, available vaccines, and the benefits of vaccination
for individuals and society are essential for overcoming misinformation. This may also
remediate higher Constraints and (negative outcomes of) Calculation, which lead to a
decrease in the likelihood of vaccination. Notably, context-specific health interventions
augmenting policymakers and healthcare professionals in advancing vaccine up-take and
achieving community herd immunity against vaccine-preventable diseases should therefore
be promoted. Together, these measures are important to enhance the preparedness for
potential future epidemics or pandemics, especially in countries of the Global South.
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