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PROFILING VACCINATION HESITANCY

slightly hesitant, and highly hesitant (profiles A, B, and C, respectively). In addition,
more frequent usage of Instagram and TikTok was associated with vaccine hesitancy

(profiles B and C), and LinkedIn and X were more common among vaccine-confident

Conclusions: This study has identified specific sociodemographic and occupational
factors that are related to vaccine hesitancy in an international sample of nurses.
Additionally, attitudes contributing to hesitancy were identified, with worries about
unforeseen future effects of the vaccine being identified as a critical attitude that
may undermine confidence and increase hesitancy in nursing. This study also sheds
light on the influence that social media platforms have on vaccine hesitancy and, as

such, indicates which platforms are effective to disseminate vaccination campaigns to

Clinical Relevance: Global vaccination campaigns should focus on specific profiles and
clusters to promote vaccination in the international nursing community. Empowering
nurses early in their careers will help to instill positive vaccination behaviors, ensur-

ing a sustained uptake of vaccinations throughout the individual's career and beyond,
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individuals (profile A).
global nursing communities.
KEYWORDS
INTRODUCTION

Vaccine hesitancy is defined by the World Health Organization
(WHO, 2015) as the delay in accepting or rejecting vaccines de-
spite availability. Moreover, it is a worldwide concern that poses
risks to the health infrastructure, economy, and safety of coun-
tries (WHO, 2018). The consequences of insufficient vaccination
coverage became evident during the COVID-19 pandemic, where
vaccination was the most important defense strategy to reduce the
transmission of SARS-CoV-2 and to prevent hospitalizations and fa-
talities (WHO, 2020). However, the need for implementing vacci-
nation uptake has been a public health priority since many years,
for example, regarding the seasonal influenza vaccination campaigns
(ECDC, 2018). As such, global efforts were made to ensure the dis-
tribution and uptake of vaccinations. Although initial vaccine roll-
outs garnered public support—with around 710 million doses being
accepted globally in the first 4months (Mathieu et al., 2021)—there
was, and there remains, around 20% of the global population who
remain hesitant to accept vaccination (Lazarus et al., 2023).
Research into groups with high levels of hesitancy identified
that healthcare workers (HCWs), specifically nurses, were hesitant
to accept both COVID-19 and influenza vaccines (Khubchandani
et al., 2022). For example, the vaccination uptake among HCWs for
seasonal influenza vaccine is <40% in European countries (ECDC,
2018). Vaccine hesitancy among healthcare workers is a key element
for a safe and effective healthcare provision and closely linked to
occupational risk of infection, the risks to immunocompromised and
vulnerable patients, and the challenges associated with workforce

with an impact on promoting vaccination at the public health level as well.

COVID-19, influenza, nursing community, profiling, vaccine hesitancy

availability (Maltezou et al., 2022). As such, suboptimal uptake of a
vaccine prompted some governments to introduce mandatory vacci-
nation policies for HCWs (Maneze et al., 2023), and especially during
the pandemic, with refusal resulting in redeployment, reduced
hours, and unemployment (Tobin, 2021). Within Europe, countries
such as lItaly, Finland, France, and Germany implemented vaccina-
tion mandates, while other countries, such as the United Kingdom,
revoked their mandates before rollout (Department of Health and
Social Care, 2018; Karlsson et al., 2023). Such a strategy was criti-
cized for impinging and violating human rights, particularly personal
autonomy. Critics argue that these measures could further contrib-
ute to hesitancy by increasing fear and mistrust of government and
health authorities (Drew, 2019), exacerbating workforce shortages,
and fostering division within the healthcare sector (Royal College
of Nursing, 2022). While the immediate threat from the COVID-19
pandemic may have diminished, it is crucial to enhance adherence
to vaccination and preparedness for mitigating responses to poten-
tial future outbreaks and yearly seasonal influenza recurrence. This
knowledge will enable a more informed and adept approach to ad-
dressing vaccine hesitancy in healthcare workforces, specifically for
nurses.

Nurses are the backbone of healthcare institutions and, as such,
play a vital role in delivering care to patients. The frontline nature
of the job makes nurses more vulnerable to contracting COVID-19
and influenza and a vector of transmission to other clinically vul-
nerable patients, colleagues, and the wider population (Asad
et al., 2020). Moreover, nurses are a trusted and reliable source of
information for the general population, with research indicating that
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recommendations from nurses improve vaccination uptake within
the wider community (Tomietto et al., 2022). Therefore, they are an
influential figure to include in public health strategies, making it im-
perative that their reasons for vaccine hesitancy are addressed. A
recent systematic review highlights that vaccine hesitancy among
nurses is a complex issue associated with various factors. These
include individual characteristics such as sociodemographic (e.g.,
female gender, lower educational attainment), occupational respon-
sibilities (e.g., less work experience, being a trainee, less perceived
risk of infection), vaccination history (e.g., not up to date with the
Influenza vaccine), and health status (e.g., presence of chronic dis-
eases) (McCready et al., 2023). Additionally, certain attitudes and
beliefs contribute to increased hesitancy, such as concerns about
vaccine efficacy, side effects, safety/speedy approvals, and mis-
trust in governmental and healthcare agencies (Khubchandani
et al., 2022). Moreover, exposure to misinformation or disinforma-
tion on social media sites also emerged as a significant factor influ-
encing hesitancy among nurses (Khubchandani et al., 2022).

Alongside nurses, it is also crucial to consider nursing students'
vaccine hesitancy, as they spend 50% of their time in healthcare set-
tings and clinical placement (EUR-Lex, 2019) and are at risk of both
contracting communicable diseases and spreading them to patients
(Asad et al., 2020). Furthermore, intention to receive the seasonal
influenza vaccine ranges between 15% and 33% in this population
(Salem et al., 2019), and it is 44% when considering the COVID-19
vaccine (Patelarou et al., 2021).

Although several studies have identified specific characteristics
and attitudes associated with vaccine hesitancy in nursing, very
few studies have applied a person-centered approach that clusters
nurses and nursing students into specific profiles based on different
levels of vaccine hesitancy. The World Health Organization (2019)
has stated as public health priority the need for further research
to understand the perceptions, motivators, and barriers to vaccine
acceptance among healthcare workers. This study provides new
insights to vaccine hesitancy by identifying latent profiles of spe-
cific characteristics contributing to vaccine hesitancy in nursing, by
considering both nurses and nursing students. Moreover, in order
to develop a comprehensive global strategy, this study involved
participants from the United Kingdom, Finland, and Italy to assess
whether there are common factors influencing vaccination uptake
from a global health perspective and independently from the social,
cultural, and political factors. Insights from this study will help iden-
tify specific profiles of nurses and nursing students and pinpoint
areas of focus for a global vaccination campaign in public health.
Such a targeted approach is useful to identify the most hesitant
profiles and to improve vaccination uptake with an impact on pa-
tient safety and global health.

Aim

This study aims to profile the characteristics and attitudes contrib-
uting to vaccine hesitancy toward the COVID-19 and influenza vac-
cines among nurses and nursing students.

SCHOLARSHIP
MATERIALS AND METHODS

Design

A multisite, cross-sectional study design was utilized to gather so-
ciodemographic characteristics and attitudes toward COVID-19
and influenza vaccines to determine levels of vaccine hesitancy in
nurses and nursing students from the United Kingdom, Italy, and
Finland. The Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE; Vandenbroucke et al., 2007) guidelines
were used to guide the reporting of this study.

Participants and sample size

Registered nurses and nursing students were recruited through both
formal and informal networks using social media platforms, aca-
demic networks, and professional associations. To be eligible for the
study, participants had to be a registered nurse, currently working
within healthcare settings, or nursing students.

For confirmatory factor analysis (CFA), it is recommended to have
a participant-to-item ratio ranging from 10:1 to 20:1 (Kline, 2015).
Consequently, the necessary sample size fell between 120 and 240
participants.

For K-cluster analysis, calculating a predetermined sample size
for comparison across clusters was not possible a priori, as this is
an unsupervised machine-learning approach. Thus, the sample size
estimation was computed by considering a range of clusters from 3
to 5. In detail, by considering three clusters, an alpha error of 0.05, a
power of 0.95, and an effect size of 0.25, a total sample size of 252
participants per country was considered adequate. By considering
five clusters, using the same parameters, a sample size of 305 partic-
ipants per country was recommended.

Overall, 1967 nurses and 1230 nursing students participated
in this study. In detail, 312 nurses were from the United Kingdom,
302 from ltaly, and 1353 from Finland. Among nursing students,
310 were from the United Kingdom, 340 were from Italy, and 580
were from Finland. Given the large Finnish sample and to balance
the international comparison, 310 nurses and 310 nursing students
were randomly extracted from the Finnish sample via the random
extraction function in SPSS v28 (IBM Corp., 2021).

Data collection

Data were collected through an online survey built on the survey plat-
form JISC between March and September 2023. A convenience sam-
pling approach was adopted, combined with a snowballing approach.
Data analysis

The data were analyzed using SPSS v28 (IBM Corp., 2021). The
confirmatory factor analysis was carried out using Stata vi13
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(StataCorp., 2013). Multivariate outliers were identified by computing

the Mahalanobis distances. Identifying and removing multivariate out-
liers was essential to meet the assumptions for computing multivariate
statistics (Kline, 2015). Furthermore, multivariate outliers affect the
integrity of K-means cluster analysis, leading to suboptimal clustering
outcomes (Ikotun et al., 2023). To test multivariate normality, Mardia's
kurtosis was computed, where a value lower than the critical threshold
of v¥(v+2) (v being the number of items) indicates multivariate nor-
mality (Mikkonen et al., 2022; Tabachnick et al., 2013). Where applica-
ble, the Little's MCAR test was calculated to test if missing data were
Missing Completely at Random (MCAR) (Mikkonen et al., 2022).

K-means cluster analysis was used to identify the clusters of
hesitancy based on the VAX scale's factors. The suitable number of
clusters was detected through a two-step cluster analysis using sil-
houette measures of cohesion by adopting the Euclidean method.

One-way ANOVA and chi-square tests were employed to as-
certain the statistical significance of differences among clusters. A
p<0.05 was deemed indicative of adequate statistical significance.
Categorical data were represented using frequencies and percent-
ages in the statistical analysis. Meanwhile, continuous variables,
specifically the VAX scale scores, were presented as mean values
and standard deviations (SD).

Preliminary analysis: Multivariate
outliers, normality, and missing data

In this study, the Mardia's kurtosis value, without eliminating multi-
variate outliers, was 822.87, and the critical value was 624. By de-
leting the multivariate outliers, Mardia's kurtosis reduced to 549.71,
confirming multivariate normality.

Over a total sample of 1884 participants, 128 multivariate outli-
ers were identified and deleted for data analysis, resulting in a final
sample of 1756 participants. Specifically, 293 nurses were from the
United Kingdom, 271 from Italy, and 295 from Finland. Among nurs-
ing students, 281 were from the United Kingdom, 326 from Italy, and
290 from Finland. As the VAX scale for both influenza and COVID-19
was mandatory, there was no need for missing data analysis.

The Bergen Social Media Addiction Scale was not mandatory;
therefore, the Little's Missing Completely at Random (MCAR) test was
calculated to ensure the missing data were MCAR. The test showed a
p-value of 0.89 (/: 14.91, df=23), confirming the data were MCAR.

Measures

The Vaccination Attitudes Examination (VAX) Scale was employed
to measure COVID-19 and influenza vaccine hesitancy. The scale
included 12 items rated on a Likert scale ranging from 1 (totally disa-
gree) to 7 (totally agree) (Martin & Petrie, 2017). The 12 items are
grouped into four factors: “mistrust of vaccine benefit” (three items—

reversed), “worries about unforeseen future effects” (three items),

“concerns about commercial profiteering” (three items), and “pref-
erence for natural immunity” (three items) (Martin & Petrie, 2017).
Lower scores indicate a more favorable attitude toward vaccines.

The Bergen Social Media Addiction Scale (BSMAS; Andreassen
et al., 2017) was utilized to evaluate Social Media Addiction (SMA).
The scale includes six items that assessed social media usage using
a 5-point Likert scale, with the anchor representing “very rarely” (1)
to “very often” (5). Higher scores are indicative of a more addictive
attitude toward using social media.

Additionally, data on sociodemographic characteristics (i.e., age,
gender, country of residence, and educational attainment), occupa-
tional factors (i.e., occupational role, work experience, professional
experience, and occupational setting), health-related factors (i.e.,
exposure to COVID-19 infection and vaccination history), and so-
cial media usage (i.e., frequency of usage of various social media
platforms rated from never (1) to always (4)) were collected to char-
acterize the sample and to facilitate comparisons of characteristics
between the clusters.

Validity, reliability, and rigor
Translation procedure and content validity

A panel of researchers evaluated the scale and provided linguistic
and cultural adaptation to the different national contexts. A for-
ward and backward translation was performed. Each national panel
preliminarily translated the English version into their language and
achieved agreement on the national translation. Each national ver-
sion was blindly back-translated into English by a native English
speaker. Finally, the original English version and the English back-
translated version were blindly compared by another researcher, flu-
ent in English and familiar with the topic. An independent researcher
stated the content equivalence of the two versions and, therefore,
the content validity of the translated versions (Maneesriwongul &
Dixon, 2004).

Validity and reliability

Cronbach's awas computed for each factor within the VAX scale,
evaluating the reliability of both the influenza and COVID-19
scales. Values >0.70 are considered adequate (DeVellis &
Thorpe, 2021).

CFA was conducted and fit indices were calculated. Acceptable
fit indices are indicated by an RMSEA (root mean square error of ap-
proximation) and SRMR (standardized root mean residual) of <0.08,
and for CFl (comparative fit index) and TLI (Tucker-Lewis index), val-
ues >0.90 are considered adequate (Kline, 2015).

In this study, the reliability of the VAX scale for influenza showed
a Cronbach's aof 0.92 for the overall scale, with values ranging be-
tween 0.80 and 0.90 across the four factors. For the VAX scale
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associated with the COVID-19 vaccine, the overall Cronbach's awas
0.94, with values spanning from 0.85 to 0.94. The Cronbach's afor
the BSMAS was 0.84.

The fit indices for the VAX scale concerning influenza dis-
played the following results: RMSEA=0.073 (90% CI=0.067-
0.079), SRMR=0.037, TLI=0.957, and CFI=0.968. Meanwhile,
the fit indices for the VAX scale related to the COVID-19 vac-
cine were as follows: RMSEA=0.070 (90% Cl=0.064-0.076),
SRMR=0.032, TLI=0.972, and CFI=0.980. For the BSMAS,
the observed fit indices were as follows: RMSEA=0.082 (20%
Cl=0.065-0.099), TLI=0.955, and CFI=0.979 (SRMR not cal-
culated due to missing values). In this study, all scales verified
reliability and validity.

Ethical considerations

The data collection and analysis procedures were structured
to ensure data confidentiality and compliance with national
and European laws, encompassing the General Data Protection
Regulations (Cornock, 2018) and the UK Data Protection
Act (2018). To uphold data security, electronic data were securely
stored in a protected folder accessible solely to the principal inves-
tigator and the designated research team. Participants were pre-
sented with a comprehensive disclaimer outlining study details and
information regarding data handling on the initial survey page. By
voluntarily submitting the survey, participants explicitly provided
their informed consent to engage in the study. Ethical approval for
this study was obtained from Northumbria University (ref: 2948,
date: 27/02/23), and consent was obtained in accordance with the
Declaration of Helsinki.

TABLE 1 Sample profiles.

Profile A (n=678)

VAX factors Mean (SD)
COVID-19
Mistrust of vaccine benefit 1.90(0.83)
Worries about unforeseen future effects 3.42(1.09)
Concerns about commercial profiteering 1.46 (0.56)
Preference for natural immunity 1.80(0.79)
Overall scale 2.14 (0.49)
Influenza
Mistrust of vaccine benefit 1.72(0.76)
Worries about unforeseen future effects 3.29 (1.04)
Concerns about commercial profiteering 1.46 (0.55)
Preference for natural immunity 1.87(0.78)
Overall scale 2.09 (0.44)

SCHOLARSHIP
RESULTS

Participant characteristics

The respondents had an average age of 34.83years (SD=13.37,
median=31, min=18, max=70), and most respondents were
female (83.6%). The number of participants in the final sample
across the United Kingdom, Finland, and ltaly were 574 (32.7%),
585 (33.3), and 597 (34%), respectively. The sample included
859 (48.9%) registered nurses and 897 (51.1%) nursing students.
The nurse respondents reported an average work experience of
9.77 years (SD=9.38, median=6, min=0, max=46) in their cur-
rent area of clinical practice. The average work experience in the
nursing profession, measured in years post-qualification, was
18.65years (SD=12.35, median=17, min=0, max=50). Nurses
reported their highest academic qualifications as Diploma/
Advanced Diploma 234 (27.2%), BSc/BSc (Hons) 417 (48.5%),
and MSc/PhD 208 (24.2%). The nursing students were mainly
undergraduate students (n=869, 96.9%) attending the first year
of study (n=300, 34.5%), the second year (n=334, 38.4%), and
the third year (n=235, 27.1%). The remaining were post-graduate
nursing students (n=28, 3.1%).

Cluster analysis

The K-means clustering technique with log-likelihood as distance
measure successfully identified a maximum of three distinct profiles
from the dataset. These profiles were labeled as profile A (n=678),
profile B (n=732), and profile C (n=346) (Table 1). The three-cluster

solution had a silhouette measure of cohesion and separation of

Profile B (n=732) Profile C (n=346)

Mean (SD) Mean (SD) F p-value
2.77 (0.96) 4.85 (1.45) 941.30 <0.001
4.94(0.88) 5.81(0.95) 800.82 <0.001
2.69(0.92) 4.89 (1.13) 1846.75 <0.001
3.37(0.97) 4.90 (1.09) 1332.98 <0.001
3.44(0.47) 5.11(0.82) 3281.59 <0.001
2.43(0.81) 4.07 (1.36) 734.24 <0.001
4.78 (0.88) 5.58(0.92) 784.62 <0.001
2.56(0.85) 4.39 (1.08) 1525.93 <0.001
3.31(0.90) 4.61(1.05) 1167.14 <0.001
3.27(0.45) 4.66(0.71) 3045.17 <0.001

Note: The mean difference is statistically significant at p <0.001 or higher (highlighted in bold). The vaccination hesitancy score was based on a

7-point Likert scale (scores 1-7).

20ne-way ANOVA F test, including multiple pairwise comparisons conducted with Bonferroni correction; each comparison demonstrated a p <0.001

or higher.
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0.4, indicating a “fair” quality. Moreover, the one-way ANOVA test,

followed by the Bonferroni post hoc test, provided further support
for the robustness and validity of the three-cluster solution. This
was evident as all pairwise comparisons between profiles for each
of the eight VAX factors demonstrated a highly significant level of
p<0.001. However, when considering four or five clusters, no sig-
nificant differences were observed between the detected clusters
for all factors. Consequently, the three-cluster solution proposed in

this study was validated.

Vaccine hesitancy profiles

Participants clustered in profile A exhibited the lowest mean scores
for each VAX factor compared to participants in the other two pro-
files. As a result, profiles A, B, and C can be classified as having low,
average, and high vaccine hesitancy, respectively. The overall mean
scores for COVID-19 vaccine hesitancy were 2.14 (SD=0.49) for
profile A, 3.44 (SD=0.47) for profile B, and 5.11 (SD=0.82) for pro-
file C. For influenza vaccine hesitancy, the overall mean scores were
2.09 (SD=0.44) for profile A, 3.44 (SD=0.47) for profile B, and 4.66
(SD=0.71) for profile C. Overall, participants in all three clusters re-
ported a greater vaccine hesitancy for COVID-19 VAX factors and
overall than for influenza (Table 1).

In terms of attitudes toward vaccination, participants in all
three profiles identified “worries about unforeseen future effects”
as the primary attitude that prompted high levels of hesitancy. For
the COVID-19 vaccination, the mean scores for this item were 3.42
(SD=1.09) for profile A, 4.94 (SD=0.88) for profile B, and 5.81
(SD=0.95) for profile C. For the influenza vaccination, the mean
scores were 3.29 (SD=1.04) for profile A, 4.78 (SD=0.88) for pro-
file B, and 5.58 (SD=0.92) for profile C. Participants in profile A
were least hesitant due to “concerns about commercial profiteering”
of COVID-19, with a mean score of 1.46 (SD=0.56). Participants in
profile B scored their “mistrust of vaccine benefits” for influenza the
lowest, with a mean score of 2.43 (SD=0.81). Participants in profile
C also reported the lowest score for “mistrust of vaccine benefits” for
the influenza vaccine, with a mean score of 4.07 (SD=1.36), indicat-

ing their most positive attitudes toward vaccination (Table 1).

Profiling participants' characteristics and comparison

In the overall sample, a statistically significant age difference
was observed, with the participants in profile A (mean=36.75,
SD=14.25) being approximately 3years older than those in pro-
file C (mean=33.50, SD=11.92). Profile A was most commonly
represented by nurses (56.5%), while profile C was predominantly
represented by nursing students (57.5%). The differences between
countries were also statistically significant (;(2:45.974, p<0.001).
Most participants clustered in profile A (38%) were British, while

most reported participants were Italian in profiles B (41.9%) and C

(33.5%). Finnish participants reported the lowest frequency in pro-
file C (31.5%).

Regarding the use of social media applications, participants in
profile A (mean=2.86 SD=1.13) reported a lower level of Instagram
usage compared to participants in profile B with a mean score of
3.07 (SD=1.05). In addition, participants in profile A reported a
lower level of using TikTok, with a mean score of 1.99 (SD=1.22),
than participants in profile C (mean=2.24, SD=1.23). A similar
statistically significant pattern was observed for comparing using
Snapchat among participants clustered in profile A (mean=1.58,
SD=1.05) and profile C (mean=1.85,SD=1.17). Conversely, partici-
pants in profile A reported a higher level of using Reddit, with a mean
score of 1.25 (SD=0.66), than participants in profile C (mean=1.09,
SD=0.33). Participants in profile A also reported the highest level of
using LinkedIn and Twitter/X, with mean scores of 1.40 (SD=0.71)
and 1.80 (SD=1.07), respectively. In terms of using Pinterest, par-
ticipants in profile B reported a higher level of usage, with a mean
score of 1.58 (SD=0.70), than participants in profile C (mean=1.45,
SD=0.70).

Most participants in profiles A (77%) and B (59%) reported get-
ting vaccinated for influenza on a yearly basis. In contrast, the ma-
jority of participants in profile C reported that they had not received
an influenza vaccine either at all or not on a yearly basis (65%). This
difference in influenza vaccination history between the profiles
was statistically significant (y?=198.874, p<0.001). Regarding the
COVID-19 vaccine, the majority of participants in each profile had
received a COVID-19 inoculation (profile A=97%, profile B=94%,
and profile C=75%). However, profile C contained a significantly
greater number of unvaccinated individuals than identified in pro-
files Aand B (25%, 3%, and 6%, respectively;f: 157.528,p <0.001).

When specifically focusing on nurses, the frequency of senior
roles (nurse leader and educators) reduced from 35.4% in profile A to
28.8% in profile Band 23.3% in profile C. Nurses in profile A reported
the most years of work experience post qualification, with a mean of
20.31years (SD=12.73), while nurses in profile C reported the least
extensive work experience, with a mean of 16.21years (SD=12.45).
Regarding the highest academic award, nurses with higher degrees
were most often represented in profile A. In contrast, nurses with
lower degrees were most often represented in profile C, and these
differences were statistically significant (;(2= 36.923,p<0.001). The
general work experience (in years) did not significantly differ among
the clusters.

The nursing students' subsample did not show statistically sig-
nificant differences regarding the course attended nor the year
of study between the three clusters (;(2=2.963, p=0.227 and
;(2=9.O47, p=0.060, respectively). Table 2 reports the key charac-
teristics of the profiles in the overall sample and among nurses and
nursing students.

Nurses and nursing students significantly differed regarding
social media use and platforms. In detail, nursing students showed
higher scores in the BSMAS, lower frequency in the use of Facebook,

LinkedIn, and Twitter/X, and higher scores in the use of YouTube,
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TABLE 2 Sample (n=1756) characteristics based on their distribution to profiles A, B, and C.

Characteristics
Age in years, Mean (SD)
Gender, n (%)
Female
Male
Missing values
Role, n (%)
Nurses
Nursing students
Country, n (%)
United Kingdom
Finland
Italy
Social Media Apps, Mean (SD)
Facebook
YouTube
WhatsApp
Instagram
TikTok
Snapchat
Pinterest
Reddit
LinkedIn
Twitter/X

Bergen Social Media Addiction Scale, mean
(SD)

Get vaccinated for influenza, n (%)
Yes
No
Not every year
Been affected by COVID-19, n (%)
No
Once
Twice
More than twice
Vaccinated against COVID-19, n (%)
Yes
No
Nurses only
Nursing role, n (%)
Clinical nurse
Nurse leader
Nurse educator
Areas of practice, n (%)
Community

Hospital settings

Profile A (n=678)
36.75 (14.25)

555 (81.9)
108 (15.9)
15(2.2)

383 (56.5)
295 (43.5)

260 (38.3)
244 (36.0)
174 (25.7)
(n=562)
2.54(1.09)
2.48(0.81)
3.57 (0.70)
2.86(1.13)
1.99 (1.22)
1.58 (1.05)
1.57 (0.72)
1.25(0.66)
1.40(0.71)
1.80(1.07)

(n=560)
1.99 (0.88)

(h=678)
522 (77.0)
77 (11.4)
79 (11.7)
(hn=678)
114 (16.8)
374 (55.2)
140 (20.6)
50 (7.4)
(n=678)
660 (97.3)
18 (2.7)

(n=358)
231 (64.5)
100 (27.9)
27 (7.5)
(n=383)
77(20.1)
306 (79.9)

Profile B(n=732)
33.67 (12.97)

612 (83.6)
107 (14.6)
13(1.8)

329 (44.9)
403 (55.1)

193 (26.4)
232(31.7)
307 (41.9)
(n=577)

2.59 (1.02)
2.39(0.78)
3.62 (0.65)
3.07 (1.05)
2.19 (1.2¢6)
1.69 (1.13)
1.58 (0.70)
1.08 (0.31)
1.26 (0.55)
1.51(0.82)

(n=575)
1.97(0.96)

(n=732)
432 (59.0)
167 (22.8)
133 (18.2)
(h=732)
156 (21.2)
387 (52.9)
134 (18.3)
55(7.5)
(n=732)
687 (93.9)
45 (6.1)

(n=323)
230(71.2)
58 (18.0)
35(10.8)
(n=328)
39 (11.9)
289 (88.1)

Profile C (n=346)

33.50(11.92)

301 (87.0)
41 (11.8)
4(1.2)

147 (42.5)
199 (57.5)

121 (35.0)
109 (31.5)
116 (33.5)
(n=255)

2.62(1.01)
2.42(0.81)
3.58(0.68)
2.95(1.09)
2.24(1.23)
1.85(1.17)
1.45 (0.70)
1.09 (0.33)
1.16 (0.42)
1.31(0.69)

(n=251)
2.04 (0.96)

(n=346)
120(34.7)
158 (45.7)
68 (19.7)
(n=346)
59 (17.1)
175 (50.6)
75(21.7)
37 (10.7)
(n=346)
259 (74.9)
87 (25.1)

(n=146)
112 (76.7)
26(17.8)
8(5.5)
(n=147)
25(17.0)
122(83.1)
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(FP1A)P p-value
F=11.62 <0.001*
72=4.162 0.384
£?=25.908 <0.001
22=45.974 <0.001
F=0.598 0.550
F=2.008 0.135
F=0.855 0.426
F=5.505 0.004**
F=5.587 0.004*
F=5.268 0.005*
F=3.192 0.041***
F=18.928 <0.001*
F=15.810 <0.001*
F=29.422 <0.001*
F=0.594 0.552
£2=198.874  <0.001

22=10.446 0.107

27?=157.528  <0.001

7?=15.716 0.003

72=8.723 0.013

(Continues)
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TABLE 2 (Continued)

Characteristics

Profile A (n=678)

Work experience in years, Mean (SD) (n=383)
9.86 (9.40)

Worked in nursing (years post qualification), (n=383)

Mean (SD) 20.31(12.73)

Highest academic award, n (%) (n=383)
Diploma/Advanced Diploma 82 (21.4)
BSc/BSc (Hon) 173 (45.2)
MSc/PhD 128 (33.4)

Nursing students only

Level of study, n (%) (n=295)
Undergraduate 288 (97.6)
Postgraduate 7(2.4)

Year of study (undergraduate) (n=288)
First year 105 (36.5)
Second year 96 (33.3)
Third year 87(30.2)

Profile B(n=732)  Profile C (n=346) (FP1A)P p-value
(n=329) (n=147) F=1.852 0.158
10.24 (9.52) 8.47 (8.93)

(n=329) (n=147) F=7.195 <0.001*
17.82 (11.61) 16.21 (12.45)

(n=328) (n=147) 72=36.921 <0.001
98(29.8) 54 (36.7)

173 (52.6) 71 (48.3)

57 (17.6) 22(15.0)

(n=403) (n=199) 272=2.963 0.227
386 (95.8) 195 (97.9)

17 (4.2) 4(2.1)

(n=386) (n=195) 72=9.047 0.060
139 (36.0) 56 (28.8)

148 (38.3) 90 (46.1)

99 (25.7) 49 (25.1)

Note: The mean difference is statistically significant at p <0.05 (highlighted in bold). Percentages may not add to 100% due to rounding.

*Clusters A and C differed significantly in age (p <0.001), working in nursing (p <0.001), using TikTok (p <0.01), Snapchat (p <0.01), Reddit (p <0.001),
LinkedIn (p <0.001), and Twitter (p <0.001) variables based on the one-way ANOVA F test, including multiple comparisons with Bonferroni
correction. **Clusters A and B differed significantly in using Instagram (p <0.01) variable based on the one-way ANOVA F test, including multiple
comparisons with Bonferroni correction. ***Clusters B and C differed significantly in using Pinterest (p <0.05) variable based on the one-way ANOVA

F test, including multiple comparisons with Bonferroni correction.

20One-way ANOVA F test, including multiple pairwise comparisons conducted with Bonferroni correction.

bChi-squared test and Fisher's exact test performed if the expected frequency of cells was <20%.

Instagram, TikTok, Snapchat, Pinterest, and Reddit. A detailed over-
view is reported in Table S1.

DISCUSSION

This study aimed to identify patterns of characteristics and attitudes
that contributed to vaccine hesitancy toward the COVID-19 and in-
fluenza vaccines in an international sample of nurses and nursing
students. As such, three distinct profiles were identified. Profile A
displayed low hesitancy, profile B displayed slight hesitancy, and
profile C displayed the highest levels of hesitancy toward COVID-19
and influenza vaccines. The three profiles identified in this study are
consistent with previous research, which has termed such degrees of
hesitancy as vaccine-confident (profile A), vaccine-skeptical/hesitant
(profile B), and vaccine-refusal (profile C) (Heyerdahl et al., 2023).
Similar research involving Italian HCWs identified four distinct
profiles, which the authors termed the vaccine-believer (low hesi-
tancy), middle (average levels of hesitancy), hesitant (higher levels
of hesitancy), and rejector (extreme levels of hesitancy) (Portoghese
et al.,, 2023). Other studies reported five (Leung et al., 2022) and
eight distinct profiles of hesitancy (Howard, 2023), but this study did
not find evidence to support more than three distinct profiles. These
previous studies have profiled participants using the 3C model of
vaccine hesitancy (complacency, convenience, and confidence) pro-
posed by the WHO SAGE Working Group on Vaccine Hesitancy

(MacDonald, 2015), while others have used adapted versions such as
the 5C model (adapted to include calculation and collective respon-
sibility) (Betsch et al., 2018; MacDonald, 2015). However, there is
an argument that studies should move beyond merely assessing be-
havioral barriers and consider additional characteristics when profil-
ing populations for vaccine hesitancy (Howard, 2023). As such, this
study discerned particular attitudes and characteristics that contrib-
ute to the three distinct profiles identified within a sample of nurses
and nursing students, and hence, it moved beyond the traditional
models by disclosing further characteristics of vaccine hesitancy.
The findings of this study suggest that various sociodemographic
and occupational factors, such as age and, when considering nurses,
academic qualifications, professional work experience, and roles in
the nursing profession, are all associated with different levels of vac-
cine hesitancy. In particular, younger nurses with less professional
experience in nursing and nursing students were more likely to be
clustered in profiles B and C, indicating higher hesitancy toward
vaccination. On the contrary, older nurses with more professional
and educational experience, particularly those in senior roles such
as nurse leaders and educators, exhibited lower hesitancy and were
more inclined to accept vaccination (profile A). Previous research
exploring associations between age and vaccine hesitancy yields
inconclusive results. Some studies report that older nurses are
more vaccine-hesitant than younger nurses (Tomietto et al., 2022),
while other studies align with our finding that older nurses are
more accepting of a vaccine than younger nurses (Khubchandani
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et al., 2022). Although age significantly differed between the clus-
ters identified in this study, the mean age difference between each
profile is relatively small (3-year mean difference between profile A
and profile C). Therefore, we cannot draw any concrete inferences
regarding targeting specific age groups for intervention. Instead, fo-
cusing on educational and occupational factors is more insightful. In
addition to our evidence, previous research has also found vaccine
hesitancy to be lower among nurses in higher roles (e.g., nursing su-
pervisors) compared to entry-level nursing roles (e.g., preregistered
nurses and nursing students) (Manning et al., 2021). Similarly, nurses
with lower educational attainment were also more hesitant to ac-
cept a COVID-19 vaccine (Pataka et al., 2021), which was also found
in this study as nurses with lower educational attainment were pre-
dominately clustered in profile C (higher rates of vaccine hesitancy).
This evidence suggests that intervention campaigns to reduce vac-
cine hesitancy should prioritize targeting nurses in lower occupa-
tional roles and those with lower educational attainment.

In addition, the participants' countries of employment were
also significantly different across the three profiles. In detail,
British participants were predominantly associated with lower
hesitancy (profile A). In contrast, Italian participants clustered
more into profiles B and C, indicating higher levels of hesitancy
and refusal toward vaccines, respectively. Finnish participants
were relatively evenly split among all three profiles, suggesting a
varied range of attitudes toward vaccinations. Although individu-
als display such hesitancy toward vaccinations, there was a high
uptake of the COVID-19 vaccine in each profile (97%, 94%, and
75% of participants had been vaccinated against COVID-19 in pro-
files A, B, and C, respectively). The high rates of uptake of the
COVID-19 vaccine in this sample may be more reflective of the
public health policies adopted in the respective countries, partic-
ularly mandatory COVID-19 vaccinations for healthcare workers
(Peruch et al., 2022). While mandates might have been instrumen-
tal in improving COVID-19 vaccine uptake among this population,
our findings suggest that this may have been in contrast with in-
dividual attitudes and intentions. Consequently, for some nurses
in this sample, vaccination mandates may have been considered
unethical, potentially infringing on the individual's autonomy and
rights to make their own health decisions (Karlsson et al., 2023;
Maneze et al., 2023). This finding is particularly interesting when
compared to vaccination uptake for the influenza vaccine, where
we can see the impact of an individual's attitudes and beliefs. In
this sample, 77% of individuals in profile A receive the influenza
vaccine annually, contrasting with only 35% of individuals accept-
ing the vaccination in profile C. Together, these findings highlight
the importance of building overall confidence in vaccines at the
individual level. Intervention strategies should focus on increas-
ing confidence in vaccines in general, as this will help an individ-
ual adopt more vaccine-positive behaviors that would be utilized
throughout their career and lifespan (as demonstrated in profile
A).

This study also explored nurses' attitudes toward vaccinations.
Overall, attitudes within each profile remained relatively consistent

SCHOLARSHIP

regardless of the vaccine under consideration. For instance, nurses
in profile C exhibited heightened concerns about unforeseen fu-
ture effects, mistrust in vaccine benefits, and worries about com-
mercial profiteering for both COVID-19 and influenza vaccines. In
contrast, nurses in profile A displayed a high level of confidence
in both vaccines and, mostly, did not share the same attitudes as
nurses in profile C. The only exception was that nurses in profile
A expressed slight concerns about the unforeseen future effects
of both vaccines; however, these concerns did not seem to hinder
their acceptance of either vaccine. Attitudes expressed by nurses
in profile B were slightly greater than in profile A but were not as
extreme as those by nurses in profile C. Our findings are supported
by previous research that has also found that these specific attitudes
are significantly associated with higher levels of vaccine hesitancy
among nurses (Gallant et al., 2021; Tomietto et al., 2022). In addition,
lack of trust in the government or the healthcare system (Nomura
etal., 2021) and concerns about vaccine safety due to rapid develop-
ment and expedition processes (Wise, 2021) have also contributed
to vaccine hesitancy in this population. One main concern from our
findings was that the unforeseen effects of vaccines were a consis-
tent worry for participants across all three profiles. This attitude is of
concern as it has been shown to increase an individual's perceptions
of risk, leading them to seek information from other sources to in-
form their vaccination behavior (Dubé et al., 2021).

This is problematic as there is the risk of exposure to vaccine-
critical discourse or misinformation, which can increase postvacci-
nation anxieties, undermine trust in institutions and governments,
and exacerbate hesitant attitudes, ultimately hindering uptake
(Yaqub et al., 2014). As such, intervention campaigns must address
vaccine safety and side effects concerns. However, such strate-
gies must avoid providing contradictory information over time, as
such inconsistencies could be used to support vaccine-critical dis-
courses, thus undermining the effectiveness of the intervention.
In particular, exposure to vaccine-critical content or misinforma-
tion on the Internet has been shown to increase negative attitudes
toward vaccination (Cascini et al., 2022). This was highly apparent
throughout the COVID-19 pandemic, where disinformation and
misrepresentations about the vaccine were widely circulated on
social media (WHO, 2021). In addition, the social media platform
that the individual utilizes regularly also plays an instrumental
role in shaping vaccination attitudes and subsequent behavior:
Frequent users of Instagram, YouTube, Snapchat, and TikTok were
more likely to be unwilling to accept a COVID-19 vaccine, while
users of Facebook and X displayed higher levels of vaccine willing-
ness (Jennings et al., 2021).

This study highlighted that individuals frequently using TikTok,
Snapchat, or Instagram were significantly more hesitant to receive
vaccines (profiles B and C) than individuals with less engagement
with these platforms (profile A). On the other hand, vaccine-
confident individuals (profile A) show more engagement with
Reddit, LinkedIn, and X. In contrast to Jennings et al. (2021), we
did not find significant differences in vaccine hesitancy based on
engagement with Facebook or YouTube. Such reasons for the link
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between social media and vaccine hesitancy may be partly due
to the algorithms employed by social media platforms. These al-
gorithms tailor content based on the user's engagement history,
meaning that individuals may find themselves in an echo chamber
where they only see vaccine-critical content or misinformation
(Cascini et al., 2022; Rathje et al., 2022). Furthermore, individuals
can find it hard to distinguish valid and relevant information from
false or misleading information (Lee et al., 2022). As such, inter-
vention campaigns should collaborate with social media platforms
to ensure that the information circulated on their platform is reli-
able. Additionally, further investment is necessary to refine plat-
form algorithms to ensure a balanced presentation of information
from credible sources to prevent prolonged exposure in negative
echo chambers. Moreover, educational campaigns are needed to
help nurses identify reliable and trustworthy sources and critically
analyze information. The findings of this study also indicate that
using specific social media platforms (e.g., Instagram and TikTok)
to disseminate vaccination campaigns may help to reach the most
hesitant audiences of nurses and nursing students. In particular,
nursing students significantly engage more than nurses with social
media and they are frequent users of social media platforms linked
to the most hesitant cluster.

Overall, this study has identified several avenues for interven-
tion to reduce vaccine hesitancy in the nursing community. In partic-
ular, a multifaceted intervention that targets individual, community,
and societal factors may be the most effective approach. At the in-
dividual level, the evidence from this study would suggest that vac-
cination campaigns should be tailored toward nursing students and
nurses in entry-level roles. One potential way would be to provide an
in-depth education package on vaccination as part of nursing under-
graduate education. This would educate nursing students on the de-
velopment, importance, and safety of vaccines and how to critically
analyze vaccine-related information, identify mis/disinformation
on social media, and find information from trustworthy sources. As
observed in nurses within profile A, maintaining vaccine confidence
resulted in a consistent uptake of vaccinations. Therefore, fostering
these positive attitudes and behaviors in early career nurses is cru-
cial for establishing lifelong vaccine uptake.

At the community level, workplaces and educational institutions
should establish confidential and informal spaces for nursing stu-
dents and entry-level nurses to discuss vaccination concerns with
a trusted senior nurse. These conversations must focus on informa-
tional needs rather than forcing an individual toward vaccination.
This strategy would help ensure that the individual's concerns and
questions are answered and supported by a vaccine-confident col-
league or senior. In addition, having a positive role model will help
promote vaccine confidence and reduce vaccine hesitancy. At the
societal level, intervention strategies to address vaccine hesitancy in
nurses could involve targeted campaigns on social media platforms:
Focusing on platforms such as Instagram and TikTok may help to
reach the most hesitant audiences of nurses and nursing students.
Such campaigns should provide accurate and accessible information
about vaccine safety, efficacy, and benefits to help address negative

attitudes and promote vaccine uptake in this population. In addition,
collaborating with trusted figures within the nursing community to
share vaccine-positive messages on these social media platforms

could enhance the effectiveness of the intervention.

LIMITATIONS

This study has several limitations. First, this study is limited in gen-
eralizability as the sample was predominately female. It may be that
the characteristics identified for each profile may differ for male
populations, as research indicates that males are generally less
hesitant to accept vaccinations than females (Nery Jr et al., 2022).
Similarly, although we captured a diverse age range (18-70years)
of participants, the mean ages of all three profiles were similar (33-
36years), which limited our ability to identify specific age groups
associated with varying levels of hesitancy. We also did not cap-
ture any data pertaining to ethnicity, which is another key demo-
graphic variable associated with vaccine hesitancy, of which the
factors and reasons for such hesitancy also vary between ethnic
groups. Future research should include a comprehensive range of
ethnicities, ages, and genders to ensure a more representative un-
derstanding of vaccination attitudes and behaviors across diverse
populations and workforces. Another limitation of this study is the
exclusive focus on Western countries. As such, this restricts the
applicability of the findings to nurses in non-Western countries.
Previous research has used the 3C and 5C models of vaccine hesi-
tancy (MacDonald, 2015), which include some of the factors men-
tioned above and have found differences in the number of clusters
and the respective characteristics identified (Leung et al., 2022;
Portoghese et al., 2023). As such, there is a gap in the literature
for studies that utilize both measures of vaccine hesitancy (i.e., the
5C model and the VAX scale) to determine a more comprehensive
profiling assessment of hesitancy in nurses and nursing students.
Moreover, nurses and nursing students showed a significant dif-
ference in social media use. Future research should explore sepa-
rately the nurses and the nursing students' clusters regarding social

media to further tailor policy recommendations.

CONCLUSIONS

This study profiled nurses and nursing students from Italy, Finland,
and the United Kingdom to determine patterns of sociodemographic
and occupational characteristics and attitudes toward vaccines
(COVID-19 and influenza) that contribute to vaccine hesitancy.
Three profiles of hesitancy were identified, which consisted of clus-
ters of individuals who were vaccine-confident, vaccine-hesitant,
and vaccine-refusers. Each profile exhibited specific characteristics,
which provided insights into the demographics of hesitant indi-
viduals, the attitudes requiring intervention, and the platforms that
can be utilized to reach the target population. Recommendations
for global vaccination campaigns include utilizing educational and
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communication resources to inform, support, and address concerns
among nursing students and early-entry nurses. This strategy will
help foster positive attitudes and behaviors toward vaccinations,
ensuring a consistent uptake of vaccinations throughout the indi-
vidual's nursing career and beyond.
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