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Abstract

Understanding the drivers of COVID-19 vaccination intentions remains relevant as
public health systems prepare for future pandemics. This study examined how emo-
tional and social-cognitive factors influence COVID-19 vaccination intentions during
two key phases of the COVID-19 pandemic: before (April-June 2020) and after
(January-February 2021) vaccination rollout. A total of 586 adults completed an

online survey assessing beliefs about COVID-19, self-efficacy to adhere to protective
behaviours, perceived stress, affect, psychological flexibility, and prosociality. Self-
efficacy, prosociality, psychological flexibility and positive affect significantly declined
after vaccination rollout. Higher self-efficacy and perceived severity of the disease con-
sistently predicted stronger vaccination intentions across time points. Perceived suscep-
tibility was negatively associated with vaccination intention before, but not after rollout.
The psychological variables were not significant predictors of intentions. These findings
underscore the importance of social-cognitive factors, especially self-efficacy and per-
ceived severity, in shaping vaccination-related decisions, with implications for designing
effective communication strategies in future health emergencies.

Introduction

The COVID-19 pandemic has brought the importance of vaccination to the forefront
of public health. Individuals’ intentions to get vaccinated changed throughout the
pandemic [1], with willingness to vaccinate generally increasing after the first COVID-
19 vaccinations became available [2—6]. Understanding the factors that influence
vaccination intentions is essential for designing effective public health strategies,
particularly in preparation for future infectious disease outbreaks.

A growing body of research has identified multiple psychological and social-
cognitive factors that influence vaccination intentions, including perceptions of risk,
trust in health institutions, and confidence in one’s ability to follow recommended
behaviours [7—12]. However, existing findings are drawn from single-country,
cross-sectional studies, which may limit the generalisability of findings [13,14]. Lon-
gitudinal studies with participants across countries are therefore needed to capture
within-person variation in vaccination intentions and their underlying psychological
drivers.

The Health Belief Model [15] provides a useful framework for understanding
vaccination-related decision making. The model suggests that an individual’s
health-related behaviours can be explained by the perceived threat to iliness or
disease (perceived susceptibility) and the beliefs about the consequences of the
disease (perceived severity). In the context of COVID-19, studies have shown that
perceived susceptibility and severity predicted lower willingness to vaccinate [16—18].
For instance, a cross-sectional study in the United States found that decreased
perceived susceptibility, and severity related to lower willingness to vaccinate [19],
while data from Malaysia showed that greater perceived benefits of COVID-19
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vaccinations, and greater perceived susceptibility were positively associated with intentions to take the COVID-19 vacci-
nations when they would be available [16].

Psychological traits also play a role in vaccination intentions. For example, greater psychological flexibility (i.e., the
ability to adapt to changing circumstances and be open to engaging in new experiences) has been linked to stronger vac-
cination willingness in several studies [20,21], while higher self-efficacy, or confidence in one’s ability to perform protective
behaviour, consistently predicts positive vaccination intentions [22]. Evidence further suggests that self-efficacy may medi-
ate the relationship between psychological flexibility and vaccination hesitancy, suggesting that more flexible individuals
may feel more capable of making informed health decision [23].

Sociodemographic and affective factors are also relevant to vaccination intentions. Hesitancy tends to be higher among
younger individuals, women, those with lower income or education levels, or who live alone or in small communities
[24-27]. Emotional and psychological characteristics — including perceived stress, anxiety and depressive symptoms —
have been linked to lower vaccination intentions, whereas positive affect and confident attitudes tend to predict greater
willingness to vaccinate [9,28,29]. Together, these findings highlight the multifaceted nature of vaccination decision-
making and set the context for examining how much influences may evolve.

Despite this growing evidence, most research has relied on cross-sectional data collected early in the pandemic and prior
to vaccination rollouts [25-27,29,30], offering limited understanding of within-person changes in vaccination intentions and
their psychological determinants over time. Although several longitudinal studies have traced shifts in public willingness to
vaccinate following vaccination rollouts [1,4,6,31], these largely capture population-level trends, rather than dynamic evolution
of individuals’ belief, efficacy perceptions, and motivations. Recent population-level analyses indicate that overall physical and
mental health showed non-linear patterns of disruption and partial recovery across the pandemic period, reflecting the broader
societal and behavioural adjustments that accompanied evolving public health measures [32]. However, evidence from direct
comparisons of the psychological factors affecting vaccination intentions before and after vaccination rollouts within the same
individuals remains scarce. Understanding these within person changes can inform more effective strategies to strengthen
vaccination efforts, enhance public trust, and guide preparedness for future epidemics or pandemics.

The current study is part of a large multinational prospective study, including data from 33 countries. We examined how
social -cognitive factors that are included in behavioural models such as HBM (perceived severity, perceived susceptibility,
self-efficacy) and psychosocial/emotional variables (perceived stress, psychological flexibility, prosociality, positive and neg-
ative affect) predicted COVID-19 vaccination intentions, comparing responses from before (April-June) and after (January
-February) the initial vaccination rollout. Based on previous research, we hypothesised that both social-cognitive and emo-
tional factors would be associated with vaccination intentions, with social-cognitive factors expected to have stronger effects.
Understanding these mechanisms can guide more effective and targeted public health strategies to improve vaccination
uptake- particularly as the world prepares for future pandemics and seeks to build durable population immunity [13,33].

Materials and methods
Ethics statement

The study was approved by the Cyprus National Bioethics Committee (E[] 2020.01.60). All participants provided informed
consent electronically prior to participation.

Participants and procedure

The study sample included individuals aged 18 years or older who were able to read one of the 18 languages: Chinese,
Dutch, English, Finnish, French, German, Greek, Hungarian, Italian, Latvian, Montenegrin, Persian, Polish, Portuguese,
Romanian, Slovenian, Spanish, and Turkish.

Data were collected using an online survey administered via RedCap (https://redcap.ucy.ac.cy/). The survey was dis-
tributed through university mailing lists (students and staff), institutional websites, social media platforms (e.g., Facebook,
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Twitter), local media (e.g., newspapers, radio), professional networks, hospitals and health centres, and community organ-
isations (e.g., churches, schools). The recruitment strategy used was designed to recruit a socio-demographically diverse
sample.

The first phase of data collection occurred between 07 April and 07 June 2020. The second phase was conducted
between 1 January and 10 February 2021, and invitations were sent to participants who had completed the first survey.
During both periods, most participating countries had active COVID-19 restrictions in place. At Time 1, COVID-19 vaccina-
tions were not yet available in any participating countries; by Time 2, vaccination rollouts had begun in nearly all countries
represented in the sample.

Measures

All instruments used in the study were widely used and psychometrically valid. Measures not already available in a spe-
cific language were translated and back-translated using standard procedures [34]. Final selection of instruments was
agreed upon by consensus among the study team.

Vaccination intention (Time 2 only)

At Time 2, participants were asked whether they would be willing to receive a COVID-19 vaccination once available to
them. Responses were rated on a 7-point Likert scale from 1 (strongly disagree) to 7 (strongly agree).

Socio-demographic variables (Time 1 only)

Assessed at Time 1, participants provided information on age (in years), gender, country of residence, employment status
(working, not working), marital status and changes in financial situation during quarantine (better, same, or worse).

Mental health diagnosis

Participants indicated whether they had received any mental health diagnosis since the start of the pandemic, including
generalised anxiety, depression, panic disorder, obsessive-compulsive disorder, social anxiety, eating disorder, bipolar
disorder, and/or other conditions.

COVID-19 infection experience

Participants responded whether they, a partner, a family member, or a close contact had been infected with COVID-19.

Perceived susceptibility and severity

Based on the Health Belief Model (HBM), perceived susceptibility (i.e., how much individuals believed they were susceptible to
COVID-19) and perceived severity (i.e., how much an individual perceived COVID-19 to be a serious disease) were assessed
using a modified version of an existing scale [35]. Each construct was measured with 3 items rated on a 5-point scale

(1=absolutely disagree, 5=absolutely agree). Cronbach’s alpha coefficient was 0.86, suggesting good internal consistency.

COVID risk self-efficacy

Self-efficacy related to COVID-19 risk mitigation was measured using an adapted version of the New General Self-
Efficacy Scale [36]. This 5-item scale used a 5-point Likert format (1 =strongly disagree to 5=strongly agree). Cronbach’s
alpha coefficient was 0.88, suggesting good internal consistency.

Perceived stress

Stress was measured using a 10-item Perceived Stress Scale [37], which assesses how unpredictable, uncontrollable,
and overloaded participants found their lives during the past month. Responses were scored on a 5-point scale (1=never,
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5=very often), with higher scores indicating greater perceived stress. Cronbach’s alpha coefficient was 0.92, suggesting
excellent internal consistency.

Psychological flexibility

Psychological flexibility was measured using the PsyFlex scale [38], a 9-item instrument scored on a 5-point Likert scale.
Items were reverse-coded, with higher scores indicating greater psychological flexibility. Cronbach’s alpha coefficient was
0.91, suggesting excellent internal consistency.

Positive and negative affect

Affect was assessed using the PANAS scale [39], expanded with five additional items (bored, confused, angry, frus-
trated, lonely) to capture pandemic-relevant affective states. Items were rated on a 7-point scale (1=very little/not at all,
7 =extremely). Separate positive and negative affective scores were calculated. Cronbach’s alpha coefficient was 0.95,
suggesting excellent internal consistency.

Pro-social behaviour

Prosociality was measured using six items from the Prosocialness Scale for Adults (PSA; [40]). Participants responded
to statements regarding helping behaviours, empathy, and volunteering, rated on a 5-point scale. Higher scores reflected
greater prosociality. Cronbach’s alpha coefficient was 0.90, suggesting excellent internal consistency.

Statistical analysis

We first examined whether vaccination intentions differed by sociodemographic characteristics, COVID-19 infection expo-
sure (self, partner and significant other) and mental health diagnosis, using Kruskal Wallis run sum test. Changes in psy-
chological variables between Time 1 (pre-rollout) and Time 2 (post-rollout) were assessed using paired t-tests. To examine
predictors of vaccination intention, we fitted cumulative link models (CLMs), treating vaccination intention as an ordinal
outcome. Models were estimated using the cIm() function from the ‘ordinal’ package in R [41]. We specified four models

to examine predictors of vaccination intentions. Model 1 included psychological predictors measured at Time 1 (before
vaccination rollout), specifically self-efficacy, perceived severity, perceived susceptibility, perceived stress, psychological
flexibility, prosociality, and positive and negative affect, along with sociodemographic covariates (age, gender, employ-
ment status, marital status, and financial changes) and mental health diagnoses. Model 2 used the same covariates but
included the psychological predictors measured at Time 2 (after vaccination rollout). Model 3 was built upon Model 1 by
additionally incorporating variables related to COVID-19 infection status (self, partner, significant other), while Model 4
extended Model 2 by including the same infection-related covariates. We examined intercorrelations among predictors to
assess multicollinearity, and no problematic associations were found (r<.60; see Table 1) [42]. Psychological flexibility and
prosociality were entered as independent predictors in all models. All analyses were conducted in R Statistical Software
(v3.6.3; [43]).

Results
Sample characteristics

The final sample comprised 586 participants who met the study’s inclusion criteria. Only participants who completed
assessments at both time points were eligible for inclusion in the analyses. Participants with missing data on the primary
outcome (vaccination intention) were excluded to ensure completeness and reliability of responses. The analytic sample
was drawn from an initial dataset of N=9,565 respondents, of whom 607 participants completed both pre- and post-
vaccine rollout surveys. Following data screening, six people were removed from the dataset due to having more than 5%
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Table 1. Spearman correlations between the psycho-social factors before and after the Covid-19 vaccination rollout.

Variable 1 2 3 4 5 6 7 8 9 10 1 12 13 14 |15
1. Self-Efficacy-B

2. Self-Efficacy-FU 52#*

3. Perceived Susceptibility-B -.09 -1

4. Perceived Susceptibility-FU | -.09 -1 .58**

5. Perceived Severity-B -.05 .03 54#% | 44%*

6. Perceived-Severity-FU -.04 .02 A0** | BB** | 64**

7. Perceived Stress-B - A42%% |- 32%*% | 13** | 16** | .09* 3%

8. Perceived Stress-FU =.34%% | - Bxx | 2% | 19** | 06 .10* .55%*

9. Positive Affect-B 35% | 22% | -03 -.09% |-07* | -11%* | -45%* |- 33%*

10. Positive Affect-FU 20%% | 31|45 | L 10% |- 12%*% |- 15%% | L 31** |- 50** | 64**

11. Negative Affect-B S 34%% | S 3Fx | 24%% | 23%*% | AB¥* | AT7** | 64%* | 48%* | -35%* |- 27**

12. Negative Affect-FU -.32%% |- 40%* | 25%x | 23** | 10* AG¥E L A4G* | 71¥* | - 20%% |- 40%* | 63**

13. Prosociality-B 9% | 16*%* | -.03 -.05 -.06 - 11#* 1 -.06 -.04 25%* | 21% | -08* |-.04

14. Prosociality-FU 6% | 19%* | -.06 -.08% |- 11% | -14* | -05 - 0% | 2% | 28%* | - 42%% |- ¥ | TE**

15. Psychological Flexibility-B | .41** | .34** |- 16%* |- 16%** |-10% |- 15%* |-53** |-44%% | 5g#* | 45¥* | . B5Q** |-38** | 27** | 23**

16. Psychological Flexibility-FU | .34** | 44** | - 18** |- 14** | -04 -.09 - A43%% |- B3%* | 46%* | B0** | -.42%* |- 55** | 20%* | 26%*| B68**

* Indicates p<.05; ** indicates p<.01, Baseline (B), Follow-up (FU).

https://doi.org/10.1371/journal.pgph.0005668.t001

of missing data [44], and additionally, 15 participants were removed as statistical outliers. This resulted in a final sample
of N=586 individuals (16.9% male), aged between 18 — 79 (M=39.32, SD=13.43). There were no significant differences
in the vaccination intentions across categories of gender, financial situation, employment status, marital status, personal
COVID-19 infection history, partner or significant other’s infection status, or self-reported mental health diagnosis (see
Table 2 for full results).

Changes in psycho-social factors following COVID-19 vaccination rollout

Paired sample t-tests were used to examine changes in psycho-social variables between the two assessment points. Par-
ticipants reported significantly lower self-efficacy for following recommended protective behaviours after the vaccine rollout
compared to the initial phase of the pandemic (t (595) =4.65, p<.001). There were also significant decreases in prosocial-
ity (t (595) =6.79, p<.001), psychological flexibility (¢t (595) =2.84 p<.01) and positive affect ({(595)=2.46, p<.05). No other
psychosocial variables showed statistically significant differences between Time 1 and Time 2 (see Table 3).

Predictors of COVID-19 vaccination intentions

The cumulative link model indicated that self-efficacy to follow recommended protective behaviours was positively associ-
ated with vaccination intentions both before the vaccination rollout (OR = 1.31, 95% CI [1.02, 1.70], p<.05) and after (OR
=1.36, 95% CI [1.06, 1.75], p<.05), suggesting that higher self-efficacy was associated with about 30-36% greater odds
of vaccination intention. Individuals with higher confidence in their ability to maintain social distancing and stay home were
more likely to intend to vaccinate. Perceived severity of COVID-19 also showed a significant positive association with
vaccination intentions before (OR = 1.18, 95% CI [1.11, 1.25], p<.001) and after (OR = 1.21, 95% CI [1.14, 1.28], p<.001)
the rollout, reflecting a consistent moderate effect. Participants who viewed COVID-19 as more severe were consistently
more inclined to vaccinate. In contrast, perceived susceptibility to infection was negatively associated with vaccination
intentions before the rollout (OR = 0.91, 95% CI [0.86, 0.97], p<.001), suggesting that those who felt at higher risk were
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Table 2. Differences in sociodemographic characteristics and covid-19 vaccination intentions.

Overall Vaccination Intent Kruskal Wallis (x?) | p-value
(N=586)
1(%) | 2(%) |3(%) | 4%) | 5%) |6(%) | 7(%)
Gender
Males 99(16.9) | 7(1.2) 4(.67) |2(.33) 6(1.0) 7(1.2) 9(1.5) 64(11.0) .09 .76
Females 487(83.1) | 31(5.2) |16(3.0) |10(1.85) |46(7.8) |36(6.1) |42(7.1) | 306(52.4)
Finances
Better 110(18) 3(.5) 3(.50) 3(.50) 8(1.4) 6(1.0) 12(2.0) |75(12.8) 2.83 .23
Same 369(63) 27(4.6) | 7(1.2) 8(1.4) 38(6.5) |28(4.87) | 30(5.1) |231(39.4)
Worse 107(19) 8(1.4) 10(1.7) | 1(.2) 6(1.0) 9(1.5) 9(1.5) 64(10.9)
Employment
Working 358(61) 25(4.3) | 15(2.6) |6(1.0) 36(6.1) | 25(4.3) |26(4.4) |225(38.4) |.40 .53
Not Working 228(39) 13(2.2) | 5(.9) 6(1.0) 16(2.7) | 18(3.1) |25(4.3) |145(24.7)
Marital Status
Single 219(37) 16(2.7) | 6(1.0) 5(0.9) 24(4.1) [ 18(3.1) 23(3.9) [127(21.7) |3.19 .07
Couple 367(63) 22(3.8) | 14(2.4) 7(1.2) 28(4.8) |25(4.3) |28(4.8) |243(41.5)
Covid infection-Self
Yes 7(1.2) 1(.17) 0 0 0 0 2(.34) 4(.68) A1 .94
No 508(86.7) |33(5.6) |18(3.1) |11(1.88) | 46(7.85) 33(5.6) |44(7.5) |323(55.11)
Not sure 71(12.1) | 4(.68) 2(.34) 1(.17) 6(1.0) 10(1.7) | 5(.85) 43(7.3)
Covid infection-Partner
Yes 8(1) 3(.5) 0 0 0 0 1(.2) 4(.7) 1.49 47
No 537(92) 34(5.5) |18(3.0) |11(2.02) 48(8.1) |39(6.6) |47(7.9) |340(58.5)
Not sure 39(7) 1(.2) 2(.3) 0 4(.7) 4(.7) 3(.5) 25(4.3)
Covid infection-Significant Other
Yes 40(7) 3(.51) 4(.68) 0 3(.51) 2(.34) 3(.51) 25(4.27) .35 .83
No 485(83) 32(5.46) | 15(2.56) | 11(1.88) | 47(8.02) | 32(5.46) | 42(7.16) | 306(52.22)
Not sure 61(10) 3(.51) 1(.17) 1(.17) 2(.34) 9(1.53) |6(1.02) |39(6.65)
Diagnosed Mental Disorders
Yes 121(20.6) | 9(1.5) 6(1.0) 1(.2) 12(2.0) | 12(2.0) |7(1.2) 74(12.6)
Anxiety Disorder(s) 45 (7.5) 3(.5) 1(.2) 0 6(1.0) 4(.7) 2(.3) 28(4.8) .53 .46
Depression 13 (2.3) 1(.2) 1(.2) 1(.2) 0 0 2(.3) 8(1.4)
Anxiety/Depression 15(2.3) 0 0 0 2(.3) 2(.3) 1(.2) 9(1.5)
Other disorders (ED, OCD, BD) | 35(5.9) 3(.5) 3(.5) 0 4(.7) 2(.3) 2(.3) 21(3.6)
Comorbidities 15 (2.6) 2(.3) 1(.2) 0 0 4(.7) 0 8(1.4)
No 465 (79.3) | 29(4.9) |14(2.4) |11(1.9) |40(6.8) |31(5.3) |44(7.5) | 296(50.5)

Note. Vaccination intention rated on a 7-point scale (1=very unlikely to 7 =very likely to vaccinate). Group differences tested using Kruskal-Wallis rank-
sum tests.

https://doi.org/10.1371/journal.pgph.0005668.t002

less likely to intend to vaccinate by about 9%. This relationship was no longer significant after the rollout (OR = 0.96, 95%
C1[0.90, 1.02], p=.164). No other psychological factors measured before or after the vaccination rollout were significantly
associated with vaccination intentions (Table 4).

Discussion

This study examined how psychosocial and social cognitive factors influenced COVID-19 vaccination intentions at two
time points, before and after the vaccination rollout. We observed declines in self-efficacy, prosociality, psychological
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Table 3. Changes in psycho-social factors before and after the COVID-19 vaccination rollout.

Before (M*SD) After (M+SD) t-test (595) P-value Cohen’s d
COVID-19 related Self-Efficacy 6.19+0.77 6.04+0.82 4.65 <.001 19
Perceived severity 12.44+£3.63 12.41+£3.76 .26 .80 .01
Perceived susceptibility 8.70+3.45 8.66+3.50 .34 73 .01
Perceived stress 16.47+7.53 16.54+7.60 -.24 .81 <.01
Pro-sociality 22.71+£4.20 21.90+4.24 6.79 <.001 .28
Psychological Flexibility 33.52+5.54 33.02+5.77 2.84 <.01 1
Negative Affect 29.33+10.82+ 29.58+11.36 -.65 .51 -.03
Positive Affect 28.76+8.03 28.10+8.41 2.46 .014 10

M (Mean), SD (Standard Deviation).

https://doi.org/10.1371/journal.pgph.0005668.t003

flexibility, and positive affect following the rollout. Despite these declines, self-efficacy and perceived severity consistently
predicted vaccination intentions across both time points. In contrast, perceived susceptibility predicted lower vaccination
intention only before the rollout. No other psychological factors were significant predictors.

Shifts in emotional and psychosocial factors across the pandemic

Participants’ self-efficacy, prosociality, psychological flexibility and positive affect were reduced after vaccination rollout
compared to the early phase of the pandemic. These findings align with growing evidence of pandemic-related psycho-
logical fatigue and behavioural adaptation, which describe how sustained stress, uncertainty and prolonged restrictions
can reduce motivation and perceived behavioural control over time [45—48]. Previous studies have reported increased
emotional exhaustion and reduced well-being due to sustained uncertainty, social restrictions and inconsistent policy
responses [49-55]. The extended duration of the crisis — combined with evolving public health messages, policy inconsis-
tencies, and social disruption- likely contributed to the reduction of motivation, adaptability and positive emotional states
[56-58].

Importantly, the decline in self-efficacy to follow recommended protective behaviours may also signal a shift in public
focus — from collective preventive efforts (e.g., mask-wearing, distancing), to personal protection through vaccination. This
change may also be linked to a sense of complacency that emerged following vaccination availability, as suggested in
previous studies [59,60]. Consequently, this shift in mindset may have contributed to the reduced engagement in prosocial
behaviour and flexible coping strategies [61]. Our findings support this interpretation, while self-efficacy remained posi-
tively associated with vaccination intentions, indicators of collective motivation declined after vaccination rollout.

Predictors of vaccination intentions

Despite the decline in various psychosocial factors, self-efficacy remained a robust and consistent predictor of vaccina-
tion. Individuals who felt more capable of adhering to recommended protective behaviours were more likely to express
willingness to vaccinate, both before and after the availability of vaccines. This finding supports prior research demon-
strating that self-efficacy is a key determinant of vaccine-related decision-making [11,22,62] and extends its relevance
across two temporally distinct phases of a public health crisis. For example, a cross-sectional study in the US during early
2021 similarly found that self-efficacy was positively associated with vaccination uptake and intention [63]. These results
emphasise the importance of public health strategies that enhance individuals’ confidence in their ability to engage in pro-
tective behaviours — a central component of behaviour change and vaccination promotion.

However, our findings contrast with a longitudinal study conducted in New Zealand between February 2021 and May
2021, which reported that self-efficacy was negatively associated with COVID-19 vaccine hesitancy at both times [6]. One
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possible explanation for this discrepancy lies in the conceptualisation of self-efficacy. While some studies focus specifi-
cally on vaccine-related self-efficacy, our study assessed general self-efficacy for following pandemic-related protective
behaviours. This broader conceptualisation may capture a wider behavioural orientation where individuals confident

in their ability to engage in protective measures in general, are also more likely to get trust and engage in vaccination
programmes.

We also found that participants who perceived COVID-19 as more severe were more likely to take the vaccine, both
before and after rollout. This finding is consistent with existing literature demonstrating the role of perceived severity in
motivating health-protective behaviours [23,64,65]. It is likely that individuals’ health decisions are influenced by how
seriously they perceive a health threat’s consequences [64]. This interpretation aligns with the HBM [15], suggesting that
individuals are more likely to take preventive actions, such as vaccination, when they perceive a health threat as severe.
This perception of severity can be a powerful motivator for vaccination and can inform public health efforts to combat the
spread of future viruses.

Interestingly, contrary to our hypotheses, individuals who perceived themselves as being at higher risk of contracting
COVID-19 were less likely to intend to vaccinate before the rollout. One possible explanation is that heightened perceived
susceptibility may have been linked to greater anxiety, mistrust, or concerns about vaccine safety when vaccines were not
yet available. Once vaccinations became accessible and more information about their safety and efficacy was dissemi-
nated, this negative association disappeared, suggesting that availability and public communication may have mitigated
initial hesitancy among high-risk individuals. Therefore, individuals with high perceived susceptibility were more cautious
or uncertain about vaccination safety, especially in the early phase before long-term data on side effects were available
[66]. These findings underscore the importance of distinguishing between disease-related and vaccine-related risk in
public communication. During early phases of vaccine development, individuals who perceived themselves as highly
susceptible to COVID-19 may have also experienced heightened anxiety and uncertainty about vaccine safety, amplify-
ing hesitation. Tailored communication strategies that acknowledge such fears, transparently address safety data, and
emphasise the protective benefits of vaccination could help prevent this paradoxical effect in future health crises.

Typically, perceived susceptibility increases motivation for preventive action by heightening personal relevance and risk
salience. However, during the pre-rollout phase, heightened susceptibility may have amplified anxiety and uncertainty in the
absence of clear safety information, particularly amid mixed messages and misinformation about vaccine development. As
vaccines became available and credible data on safety and efficacy were disseminated, this negative association diminished,
suggesting that transparent, trust-building communication can restore the usual motivational role of risk perception.

A similar pattern was observed in a Swiss study conducted between March and April 2020, which reported a negative
association between risk perception and protective intentions [67]. The authors suggested that during lockdown, individu-
als’ public and private lives were affected, thus driving risk perceptions to lose their relevance for intention formation and
behaviour. The same study found that self-efficacy and response efficacy (i.e., individuals’ expectation that a protective
behaviour will effectively reduce the risk) were the most important predictors for intentions and protective behaviours.

It's plausible that individuals who experienced COVID-19, or had significant others who did, may have experienced the
illness in a manner different from their expectations. This could have influenced their perception of the disease’s suscep-
tibility and, consequently, their motivation for vaccination. Over time, this might have contributed to a diminished urgency
or willingness to get vaccinated. However, in our study (see Table 2), the direct relationship between personal COVID-19
experiences and vaccination intentions was not evident. Future studies should consider examining how personal expe-
riences with COVID-19 influence vaccination intentions, and how other psychological or social mediators may impact
vaccination intentions.

Although several psychosocial factors such as perceived stress, prosociality, psychological flexibility, and affect
decreased after the vaccination rollout, these variables did not significantly predict vaccination intentions at either time
point. This suggests that while these constructs capture broader emotional adaptation to the pandemic [68,69], their
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influence on specific behavioural intentions may diminish once vaccines become available. As the focus of public dis-
course shifted from collective coping and emotional resilience to concrete health decision-making, more targeted cognitive
appraisals, such as perceived severity and self-efficacy, may have become stronger proximal determinants of vaccination
behaviour [70]. This pattern highlights how general psychological well-being and motivation can fluctuate independently
from specific health-related intentions.

Furthermore, the limited predictive power of these broader psychosocial factors may also reflect statistical competition
with more proximal, vaccine-specific cognitions. When general psychological states, such as stress, affect, or psychologi-
cal flexibility, are considered alongside direct vaccine-related predictors (e.g., perceived safety, confidence, collective respon-
sibility, and trust in authorities), much of their variance is absorbed by these more specific constructs. Confidence in vaccine
safety and perceived collective responsibility have been identified as dominant predictors of vaccine uptake, overshadowing
broader emotional dispositions, while belief-based and informational factors, rather than general psychological traits, best
explain patterns of hesitancy [71,72]. Together, these findings suggest that general psychological factors may shape vaccina-
tion intentions indirectly, primarily through their influence on targeted cognitive appraisals and vaccine-specific beliefs.

Given the multinational nature of this study, it is important to consider that psychosocial predictors of vaccination
intentions may vary across cultural and policy contexts. Societies characterised by stronger collectivist orientations or
higher institutional trust often display greater prosocial motivation and adherence to public health recommendations,
whereas more individualistic or distrustful environments may amplify hesitancy despite similar risk perceptions [73,74].
The declines in self-efficacy and prosociality found here could therefore reflect differing national experiences of pandemic
management and collective fatigue. Recent population-level evidence from the United States likewise shows that mental
and physical health recovery during the pandemic followed non-linear, uneven trajectories, indicating broader patterns
of psychosocial disruption and adaptation [32]. Future research should employ multilevel or cross-cultural modelling to
examine how national-level factors, such as policy stringency, vaccination availability, and trust in authorities, interact with
individual level beliefs and emotions to shape vaccination behaviour.

Strengths and limitations

This is, to our knowledge, the first multinational study to examine both social-cognitive and emotional predictors of
COVID-19 vaccination intention before and after vaccination rollout. Among the study’s key strengths are its diverse,
cross-national sample and its prospective design, allowing for comparisons before and after vaccination rollout. However,
several limitations must be noted. First, although the sample spanned 33 countries, we did not control for country-level
differences such as policy, vaccination access, or cultural norms. Future studies should incorporate multilevel modelling or
stratified analyses to assess cross-country variation more systematically. Second, the sample was predominantly female,
which may limit generalisability. Emerging evidence indicates that women have shown greater vaccine hesitancy and lower
uptake than men across several contexts, often linked to heightened safety concerns and lower institutional trust [75,76].
Consequently, the predominance of women in our sample may have led to slightly lower overall vaccination intention levels,
potentially underestimating intentions in more gender-balanced populations. Future studies should therefore aim for more
balanced recruitment and investigate potential gender-based differences in psychosocial predictors of vaccination behaviour.
Third, all data were self-reported and subject to bias, including the social desirability effect. Fourth, the online, opportunistic
recruitment strategy may have underrepresented individuals who are less digitally engaged or more vaccine-hesitant. Finally,
vaccination intention was assessed only at the second time, and actual vaccination uptake was not monitored.

Implications

This study’s findings highlight the importance of self-efficacy in communicating strategies related to COVID-19 vaccina-
tions as well as future vaccinations [77,78]. Based on the literature, there are two ways to improve self-efficacy [63]. First,
by targeting individuals’ beliefs directly through interventions that help with decision-making and secondly, by modifying
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the external environment, such as the circumstances, people, things, and events around them that influence their deci-
sions. Educational programs, public awareness campaigns, and modelling interventions such as demonstrating vacci-
nation benefits or important others who vaccinate, can potentially improve people’s beliefs [79,80], but these could be
grounded on shifting people’s perspectives (such as the severity of a health threat) rather than just providing information.
Additionally, assigning informed stakeholders to key roles within organisations and governmental positions can provide
support to policies promoted by governments, especially those aimed at overcoming vaccination barriers [63]. Campaigns
could include useful information about both the health threat (e.g., COVID-19) and the vaccine, emphasising vaccination
safety. These promotional efforts could facilitate higher vaccination uptake rates against future pandemics or epidemics by
targeting changes in individuals’ attitudes and self-efficacy. In addition to public awareness campaigns, disseminating tar-
geted information about COVID-19 vaccination safety could also be facilitated through health education programs target-
ing young people to help them with decision-making. Collectively, these interventions could mitigate the adverse attitudes
related to the COVID-19 vaccination or any new vaccine.
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