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ABSTRACT

Background: Human papillomavirus (HPV) vaccination is an important strategy for preventing HPV -related diseases,
including cervical cancer. However, vaccine hesitancy among parents and caregivers may limit vaccination uptake. This
study assessed the prevalence and determinants of HPV vaccine hesitancy among caregivers of girls aged 9—-14 years.
Methods: A facility-based cross-sectional study was conducted among 250 parents or primary caregivers of girls aged 9—
14 years attending the outpatient department of Anakaputhur Primary Health Centre, Chengalpattu district, Tamil Nadu.
Participants were recruited using consecutive sampling. Data were collected using a pretested, semi-structured,
interviewer-administered questionnaire covering sociodemographic characteristics, knowledge regarding HPV and HPV
vaccination, sources of information, vaccination willingness, reasons for hesitancy and the five domains of the 5C
psychological antecedents of vaccination. Vaccine hesitancy was defined as being hesitant or refusing vaccination.
Associations were assessed using the chi-square test, independent-samples t-test and multivariable binary logistic
regression.

Results: Among 250 caregivers, 179 (71.6%) were willing to vaccinate their daughters, 51 (20.4%) were hesitant and 20
(8.0%) refused vaccination, resulting in an overall vaccine hesitancy prevalence of 28.4%. Good knowledge was observed
in 87 (34.8%) participants, moderate knowledge in 131 (52.4%) and poor knowledge in 32 (12.8%). Educational status,
knowledge level and source of information were significantly associated with hesitancy on bivariate analysis. Healthcare
providers were the most commonly reported source of information (36.0%). Insufficient information was the leading
reason for hesitancy (28.2%), followed by safety concerns and cost concerns (16.9% each). Compared with non-hesitant
caregivers, hesitant caregivers had significantly lower confidence and collective responsibility scores and higher
complacency, constraints and calculation scores (all p<0.001). In multivariable analysis, absence of prior information
(adjusted odds ratio [AOR] 7.62; 95% confidence interval [CI] 1.52-38.29), higher complacency (AOR 7.91; 95% CI
3.70-16.89) and greater perceived constraints (AOR 6.33; 95% CI 3.05-13.16) were independently associated with higher
odds of hesitancy, whereas higher confidence was associated with lower odds (AOR 0.14; 95% CI 0.06—0.30). Knowledge
score did not reach statistical significance after adjustment (p=0.053).

Conclusion: HPV vaccine hesitancy affected more than one-fourth of caregivers and was associated with information
gaps and psychological determinants of vaccination. Healthcare-provider-led counselling, reliable vaccine information,
communication addressing vaccine safety and perceived necessity, and measures to reduce practical barriers may help
improve caregiver acceptance of HPV vaccination.

KEYWORDS: Papillomavirus vaccines; Vaccination hesitancy; Caregivers; Uterine cervical neoplasms; Adolescent;
India.

INTRODUCTION

Cervical cancer remains a major public health concern and is one of the most important preventable cancers affecting
women worldwide. It develops predominantly as a consequence of persistent infection with high-risk (oncogenic) human
papillomavirus (HPV) types. Despite the availability of effective preventive measures, cervical cancer continues to
contribute substantially to cancer morbidity and mortality, particularly in low- and middle-income countries. The
continuing global burden has reinforced the importance of strengthening primary prevention through HPV vaccination
alongside screening and treatment services.[1]

The burden of cervical cancer is particularly relevant to India, which contributes substantially to the global number of
cervical cancer cases. According to the International Agency for Research on Cancer (IARC) GLOBOCAN 2022
estimates, India recorded an estimated 127,526 new cases of cervical cancer, accounting for a considerable proportion of
cancers occurring among women in the country. Cervical cancer therefore remains an important public health priority in
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India, particularly because a large proportion of the disease burden can potentially be prevented through vaccination and
effective screening.[2]

HPV vaccination represents a major component of cervical cancer prevention. The WHO recommends HPV vaccination
primarily for adolescent girls because vaccination before exposure to HPV provides the greatest preventive benefit. Girls
aged 9-14 years constitute the primary target population for HPV vaccination, and WHO recommendations permit either
a one-dose or two-dose schedule depending on the vaccination strategy and programme context. The introduction and
expansion of HPV vaccination among adolescent girls therefore provides an important opportunity to reduce future HPV
infection and cervical cancer burden.[3]

The importance of HPV vaccination extends beyond individual protection and forms a central component of the global
cervical cancer elimination strategy. The WHO Global Strategy to Accelerate the Elimination of Cervical Cancer as a
Public Health Problem established the 90—-70-90 targets, including the goal that 90% of girls should be fully vaccinated
with the HPV vaccine by 15 years of age. Achieving high vaccination coverage among adolescent girls is therefore
essential for progressing towards cervical cancer elimination, particularly in countries with a substantial existing disease
burden.[4]

Human papillomavirus is a common sexually transmitted infection, and persistent infection with high-risk HPV types is
responsible for the development of cervical cancer and several other anogenital and oropharyngeal malignancies. Although
most HPV infections are transient and are cleared by the immune system, persistent infection with oncogenic HPV types
can result in cervical precancer and, subsequently, invasive cervical cancer. Prevention of HPV infection through
vaccination before exposure is consequently an important public health intervention.[5]

In India, HPV vaccination has progressively moved from limited demonstration and state-level initiatives towards broader
national implementation.[6,7] In 2026, the Government of India initiated a national HPV vaccination campaign for eligible
adolescent girls. According to the Ministry of Health and Family Welfare, more than 80 lakh HPV vaccine doses had been
administered by 11 September 2026, representing an important expansion of HPV vaccination within the country's cervical
cancer prevention programme.[8] With increasing availability of HPV vaccination, achieving adequate vaccine uptake
depends not only on vaccine availability but also on acceptance by parents and caregivers.

Vaccine hesitancy is an important barrier to achieving high vaccination coverage. The Strategic Advisory Group of
Experts on Immunization (SAGE) defined vaccine hesitancy as the delay in acceptance or refusal of vaccination despite
availability of vaccination services. Vaccine hesitancy is considered to be complex and context-specific, varying according
to factors such as confidence in vaccines, perceived disease risk, accessibility, social influences and the surrounding
healthcare environment.[9] In the context of HPV vaccination, these factors may be particularly relevant because
vaccination is recommended during early adolescence and the decision is frequently made by parents or caregivers.

To understand the psychological factors underlying vaccination behaviour, the 5C model describes five major
psychological antecedents of vaccination: confidence, complacency, constraints, calculation and collective responsibility.
Confidence relates to trust in vaccines and vaccination providers; complacency reflects perceived lack of need for
vaccination; constraints refer to practical barriers; calculation represents extensive information searching; and collective
responsibility reflects willingness to protect others through vaccination. The 5C framework therefore provides a structured
approach for examining factors that may contribute to HPV vaccine hesitancy among caregivers.[10]

Despite increasing availability of HPV vaccination, caregiver acceptance remains critical for vaccination of girls aged 9—
14 years. Understanding the extent of vaccine hesitancy and the factors contributing to it can help identify potentially
modifiable barriers to vaccination. Therefore, the present study aims to assess the prevalence and determinants of HPV
vaccine hesitancy among caregivers of girl children aged 9—14 years attending the outpatient clinic in Anakaputhur,
Chengalpattu district, Tamil Nadu. The study focuses on caregiver-related factors and provides locally relevant evidence
regarding HPV vaccine hesitancy in the context of increasing HPV vaccination efforts in India.

METHODOLOGY

The present study was conducted as a facility-based cross-sectional study to assess the prevalence and determinants of
vaccine hesitancy towards human papillomavirus (HPV) vaccination among parents or primary caregivers of girl children
aged 9-14 years attending the outpatient department of Anakaputhur Primary Health Centre, Chengalpattu district, Tamil
Nadu. The study was conducted over a period of four months, from July 2026 to October 2026. The study population
comprised parents or primary caregivers of girls aged 9—14 years who were residents of the Anakaputhur PHC service
area and attended the outpatient department for any health-related complaint. Each eligible participant was interviewed
only once during the study period. Information regarding sociodemographic characteristics, knowledge regarding HPV
and HPV vaccination, sources of vaccine-related information, psychological antecedents of vaccination, willingness to
receive HPV vaccination and reasons for vaccine acceptance or hesitancy was collected.

Participants were recruited using a consecutive sampling technique. Parents or primary caregivers of girls aged 9—14 years
attending the outpatient department were screened for eligibility, and those fulfilling the predefined eligibility criteria and
willing to participate were consecutively recruited until the required sample size was achieved. The sample size was
calculated using the formula n = 4pq/d?, where n represented the required sample size, p represented the anticipated
prevalence of vaccine hesitancy, q represented 100 — p, and d represented the absolute precision. In the absence of a
reliable local estimate of HPV vaccine hesitancy, a prevalence of 50% was assumed, with a 95% confidence level and 7%
absolute precision. Accordingly, the calculated sample size was n = (4 X 50 X 50)/(72) = 10000/49 = 204.08, giving
a minimum sample size of 204 participants. After allowing for 10% non-response or incomplete responses (204 x 1.1 =
224 .4), the adjusted sample size was 225 participants. The final sample size was increased to 250 participants.

Parents or primary caregivers of girl children aged 9—14 years were included if they had been residents of the study area
for at least six months and were willing to participate in the study. A primary caregiver was defined as the parent or
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relative (such as a grandparent) primarily responsible for the girl's day-to-day care and health-care decisions. Written
informed consent was obtained before enrolment. Parents or primary caregivers of girls aged 9—14 years who had already
received HPV vaccination were excluded from the study. Individuals with cognitive impairment or communication
difficulties that prevented meaningful participation in the interview were also excluded, as were temporary residents or
visitors who did not satisfy the specified residency requirement.

Ethical approval was obtained from the Institutional Ethics Committee of Sree Balaji Medical College & Hospital,
Chennai, before the commencement of the study. The purpose of the study was explained to all participants in Tamil or
English, written informed consent was obtained, and the confidentiality of the information collected was maintained
throughout the study.

Data were collected using a pretested, semi-structured, interviewer-administered questionnaire prepared in English and
translated into Tamil using forward and backward translation. The questionnaire consisted of sections covering participant
identification details, sociodemographic characteristics, knowledge regarding HPV and HPV vaccination, sources of
vaccine-related information, psychological antecedents of vaccination, willingness to receive HPV vaccination and
reasons for vaccine acceptance or hesitancy. Knowledge regarding HPV infection and HPV vaccination was assessed
using 10 questions; each correct response was scored 1 and each incorrect or “don’t know” response 0, giving a total score
of 0-10. Knowledge was categorised as poor (0-3), moderate (4—6) or good (7-10). Psychological antecedents of
vaccination were assessed using the 5C scale developed by Betsch et al.,[10] adapted for HPV vaccination, which
evaluates five domains: confidence, complacency, constraints, calculation and collective responsibility. Responses were
recorded on a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree), and each domain score was calculated as
the mean of its item responses (range 1-5).

The primary outcome of the study was vaccine hesitancy towards HPV vaccination. Based on their stated willingness to
vaccinate their eligible daughter, participants were categorized as willing to vaccinate, hesitant to vaccinate or refusing
vaccination. The secondary outcomes included the scores of the five SC domains, knowledge regarding HPV vaccination,
and sociodemographic and behavioural factors associated with vaccine hesitancy. The independent variables assessed
included caregiver age, educational status, occupation, socioeconomic status, knowledge level and score, source of
information and individual 5C domain scores. Reasons for vaccine acceptance, uncertainty or refusal were also
documented to identify the factors influencing caregiver decision-making.

Statistical analysis: Data were entered in Microsoft Excel and analysed using IBM SPSS Statistics version 26. Categorical
variables were summarised as frequencies and percentages and continuous variables as mean + standard deviation. The
prevalence of vaccine hesitancy was reported with its exact (Clopper—Pearson) 95% confidence interval. Vaccine
hesitancy was analysed as a binary outcome (hesitant or refusing versus willing). Associations between categorical
variables and hesitancy were tested using the chi-square test, and crude odds ratios (COR) with 95% confidence intervals
(CI) were calculated. Age and 5C domain scores were compared between hesitant and non-hesitant caregivers using the
independent-samples t-test. Variables significantly associated with hesitancy on bivariate analysis were considered for
multivariable binary logistic regression, and the final model was derived using backward stepwise (likelihood-ratio)
elimination. Adjusted odds ratios (AOR) with 95% CI were reported, and model fit was assessed using the likelihood-
ratio test and Nagelkerke R?. A p-value <0.05 was considered statistically significant.

RESULTS

A total of 250 eligible caregivers were included in the analysis. The overall prevalence of HPV vaccine hesitancy, defined
as participants who were either hesitant or refusing vaccination, was 28.4% (71/250). Among the participants, 179 (71.6%)
were willing to vaccinate their daughters, 51 (20.4%) were hesitant, and 20 (8.0%) refused vaccination.

Table 1. Sociodemographic characteristics of study participants (n=250)

Sociodemographic characteristic | Category n Y%
Age group (years) 28-34 78 31.2
35-44 103 41.2
45-55 69 27.6
Age, mean + SD — 39.84+8.83 | —
Educational status Primary/Secondary | 47 18.8
Higher secondary | 66 26.4
Graduate 98 39.2
Postgraduate 39 15.6
Occupation Homemaker 123 49.2
Employed 73 29.2
Self-employed 35 14.0
Other 19 7.6
Socioeconomic status Lower 41 16.4
Middle 158 63.2
Upper 51 20.4

Caregivers included mothers, fathers and other primary caregivers (e.g., grandparents) of girls aged 9—-14 years.
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The mean age of participants was 39.84 + 8.83 years, and the largest proportion of caregivers were aged 35—44 years
(41.2%). Graduates constituted the largest educational group (39.2%), while homemakers accounted for nearly half of the
study population (49.2%). The majority of participants belonged to the middle socioeconomic group (63.2%).

Table 2. Knowledge regarding HPV infection and HPV vaccination among participants (n=250)

Knowledge category | Score range | n %
Poor knowledge 0-3 32 | 12.8
Moderate knowledge | 4-6 131 | 52.4
Good knowledge 7-10 87 | 34.8
Total — 250 | 100.0

Knowledge parameter Mean + SD
Overall knowledge score 5.62 +2.04

Among the participants, 87 (34.8%) had good knowledge regarding HPV and HPV vaccination, while 131 (52.4%) had
moderate knowledge and 32 (12.8%) had poor knowledge. The overall mean knowledge score was 5.62 + 2.04.

Table 3. Willingness towards HPV vaccination among caregivers (n=250)

Vaccination decision | n %
Willing to vaccinate 179 | 71.6
Hesitant to vaccinate | 51 20.4
Refusing vaccination | 20 | 8.0
Total 250 | 100.0

The overall prevalence of HPV vaccine hesitancy was 28.4% (95% CI 22.9-34.4%). Of the 250 participants, 20 (8.0%)
were classified as refusing HPV vaccination, whereas 51 (20.4%) were uncertain or hesitant but had not completely
refused vaccination.

Table 4. Sources of HPV vaccine information and reported reasons for hesitancy
A. Source of information among all participants (n=250)

Primary source of HPV vaccine information n %
Healthcare provider 90 | 36.0
Social media/internet 74 | 29.6
Friends/family 37 14.8
Television/print media 26 10.4
No prior information 23 |92
Total 250 | 100.0

B. Reasons for hesitancy among hesitant caregivers (n=71)

Reported reason n %
Insufficient information 20 | 28.2
Safety concerns 12 | 16.9
Cost concerns 12 | 16.9
Low perceived need 11 | 155
Fear of side effects 11 | 155
Access/inconvenience 5 7.0
Total 71 | 100.0

Healthcare providers were the most commonly reported source of HPV vaccine information (36.0%), followed by social
media/internet sources (29.6%). Among caregivers who were hesitant, insufficient information was the most frequently
reported reason (28.2%), followed by safety concerns and cost concerns (16.9% each) (Figure 1).
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Insufficient information 28.2% (n=20)|

Safety concerns 16.9% (n=12)

Cost concerns 16.9% (n=12)
Low perceived need 15.5% (n=11)
15.5% (n=11)

Fear of side effects

Access/inconvenience 7.0% (n=5)

0 5 10 15 20 25 30
Percentage of hesitant caregivers (%)

Figure 1. Reasons for HPV vaccine hesitancy among hesitant caregivers (n=71)

Table 5. Bivariate analysis of sociodemographic characteristics, knowledge, information sources and SC domains

associated with HPV vaccine hesitancy (n=250)
Categorical variables

Category Hesitant n (%) | Non-hesitant n (%) | COR (95% CI) 2 (df); p-value
Education

Primary/Secondary 20 (42.6) 27 (57.4) 3.39(1.24-9.22)

Higher secondary 21 (31.8) 45 (68.2) 2.13 (0.81-5.62) 8.28 (3): 0.041*
Graduate 23 (23.5) 75 (76.5) 1.40 (0.55-3.60)

Postgraduate 7(17.9) 32 (82.1) 1 (Ref)

Occupation

Homemaker 38 (30.9) 85 (69.1) 1 (Ref)

Employed 19 (26.0) 54 (74.0) 0.79 (0.41-1.50) 0.74 (3): 0.863
Self-employed 9 (25.7) 26 (74.3) 0.77 (0.33-1.81)

Other 5(26.3) 14 (73.7) 0.80 (0.27-2.38)

Socioeconomic status

Lower 14 (34.1) 27 (65.9) 2.13 (0.83-5.47)

Middle 47 (29.7) 111 (70.3) 1.74 (0.80-3.75) | 2.75(2); 0.253
Upper 10 (19.6) 41 (80.4) 1 (Ref)

Knowledge level

Poor 15 (46.9) 17 (53.1) 3.63 (1.52-8.70)

Moderate 39 (29.8) 92 (70.2) 1.75 (0.91-3.34) | 8.85(2);0.012*
Good 17 (19.5) 70 (80.5) 1 (Ref)

Information source

Healthcare provider 23 (25.6) 67 (74.4) 1 (Ref)

Social media/internet 13 (17.6) 61 (82.4) 0.62 (0.29-1.33)

Friends/family 16 (43.2) 21 (56.8) 2.22 (0.99-4.96) | 17.94 (4);0.001*
Television/print 6 (23.1) 20 (76.9) 0.87 (0.31-2.44)

No prior information 13 (56.5) 10 (43.5) 3.79 (1.46-9.80)

B. Continuous variables

Variable Hesitant (n=71) Mean | Non-hesitant (n=179) | t p-value
+SD Mean = SD

Age (years) 39.38 £8.76 40.02 + 8.87 —0.52 | 0.606

Confidence 3.00 £ 0.66 3.74+£0.64 —8.17 | <0.001*

Complacency 3.09+£0.70 2.15+0.68 9.77 | <0.001*

Constraints 2.94+0.70 2.08 £ 0.67 9.04 | <0.001%*
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Calculation 329+£0.75 2.70 £ 0.69 595 | <0.001%*

Collective 342+0.79 3.79+0.63 —3.89 | <0.001*
responsibility

Vaccine hesitancy = hesitant or refusing vaccination. COR, crude odds ratio; CI, confidence interval; Ref, reference
category. Row percentages are shown. Panel A: chi-square test; Panel B: independent-samples t-test. 5SC domain scores
range from 1 to 5. *p<0.05.

On bivariate analysis, educational status (p=0.041), knowledge level (p=0.012) and source of HPV vaccine information
(p=0.001) were significantly associated with vaccine hesitancy. Hesitancy declined progressively with education, from
42.6% among caregivers with primary/secondary education to 17.9% among postgraduates (COR 3.39; 95% CI 1.24—
9.22). Caregivers with poor knowledge had higher odds of hesitancy than those with good knowledge (COR 3.63; 95%
CI 1.52-8.70), and hesitancy was highest among caregivers with no prior information (56.5%; COR 3.79; 95% CI 1.46—
9.80 versus healthcare provider) (Figure 2). Age, occupation and socioeconomic status were not significantly associated
with hesitancy. Hesitant caregivers had significantly lower confidence and collective responsibility scores and higher
complacency, constraints and calculation scores than non-hesitant caregivers (all p<0.001). The overall mean scores of
the 5C domains are shown in Figure 3.

Healthcare provider 25.6% (23/90)

17.6% (13/74)

Social media/internet

43.2% (16/37)

Friends/family

23.1% (6/26)

Television/print media

No prior information 56.5% (13/23)

0 10 20 30 40 50 60 70
Caregivers with vaccine hesitancy (%)

Figure 2. Prevalence of HPV vaccine hesitancy according to primary source of HPV vaccine information (n=250)

5

3.53

2.33

Mean score (1-5)

X}

-

Constraints Calculation Collective
responsibility

5C psychological antecedent

Figure 3. Mean scores of the SC psychological antecedents of vaccination among caregivers (n=250). Scores range
from 1 to S; higher confidence and collective responsibility scores indicate more favourable antecedents, whereas
higher complacency, constraints and calculation scores indicate greater barriers to vaccination.

Table 6. Multivariable logistic regression analysis of independent predictors of HPV vaccine hesitancy

Predictor Adjusted OR 95% CI p-value
Knowledge score 0.82 0.67-1.00 0.053
No prior information regarding HPV vaccine 7.62 1.52-38.29 0.014
Confidence score 0.14 0.06-0.30 <0.001
Complacency score 7.91 3.70-16.89 <0.001
Constraints score 6.33 3.05-13.16 <0.001

Model statistics: Nagelkerke R? = 0.56; likelihood-ratio test p <0.001.
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AOR, adjusted odds ratio; CI, confidence interval. Reference for prior information: any prior source of information. The
wide CI for no prior information reflects the small number of caregivers in this category (n=23).

In the multivariable logistic regression model, absence of prior information regarding HPV vaccination, lower confidence,
higher complacency and greater perceived constraints were independently associated with HPV vaccine hesitancy.
Caregivers with no prior information had 7.62 times higher adjusted odds of hesitancy. Each one-point increase in the
confidence score was associated with lower odds of hesitancy, whereas increasing complacency and constraints scores
were associated with substantially higher odds. The wide confidence interval for absence of prior information reflects the
small subgroup (n=23) and indicates an imprecise estimate, although the direction of association was consistent with the
crude analysis (COR 3.79; 95% CI 1.46-9.80). Knowledge score showed a borderline inverse association after adjustment
(p=0.053).

DISCUSSION

In the present study, the prevalence of human papillomavirus (HPV) vaccine hesitancy among caregivers of girls aged 9—
14 years was 28.4% (71/250). Although 71.6% of caregivers expressed willingness to vaccinate their daughters, only
34.8% demonstrated good knowledge regarding HPV infection and vaccination, while 52.4% had moderate knowledge
and 12.8% had poor knowledge. Educational status, knowledge level and source of information were significantly
associated with hesitancy on bivariate analysis. However, multivariable analysis identified absence of prior information,
lower confidence, higher complacency and greater perceived constraints as independent determinants of hesitancy. These
findings indicate that HPV vaccine hesitancy is influenced by a combination of informational, educational and
psychological factors rather than by demographic characteristics alone.

The willingness to vaccinate observed in the present study (71.6%) was comparable to the 72.7% reported by Singh et al.
in an Indian community-based study, although knowledge regarding HPV vaccination was limited in their study as well.
Higher educational attainment was associated with greater acceptability in their findings.[11] Similarly, the present study
demonstrated a progressive decline in hesitancy with increasing educational status, from 42.6% among caregivers with
primary or secondary education to 17.9% among those with postgraduate education. This association was statistically
significant on bivariate analysis (p=0.041). However, educational status was not retained as an independent determinant
in the multivariable model. This suggests that the relationship between education and hesitancy may partly reflect
differences in information exposure, vaccine confidence and other behavioural factors rather than an independent effect
of education alone. Previous Indian studies have also documented gaps in HPV-related knowledge. Jawahar et al. reported
limited parental awareness of HPV infection and its vaccine,[12] while studies from North India and rural Kerala identified
incomplete knowledge, misconceptions and concerns regarding vaccine safety.[13,14] The predominance of moderate
knowledge in the present study and the identification of insufficient information as the leading reported reason for
hesitancy further emphasise the need for accessible and understandable vaccine education. Studies from Saudi Arabia and
Nigeria have similarly examined parental knowledge, perceptions, hesitancy and acceptance of HPV vaccination,
indicating that these determinants are relevant across diverse settings.[15—18]

Knowledge regarding HPV vaccination was significantly associated with hesitancy on bivariate analysis (p=0.012).
Caregivers with poor knowledge demonstrated higher odds of hesitancy than those with good knowledge (COR 3.63; 95%
CI 1.52-8.70). Hesitancy was observed in 46.9% of caregivers with poor knowledge, compared with 19.5% of those with
good knowledge. Nevertheless, the adjusted association between knowledge score and hesitancy did not reach
conventional statistical significance in the multivariable model (AOR 0.82; 95% CI 0.67—1.00; p=0.053). This finding is
important because it suggests that knowledge alone may not adequately explain vaccination decisions. Accurate
information may facilitate informed decision-making, but its influence may depend on whether caregivers trust the
vaccine, perceive HPV vaccination as necessary and consider vaccination practically accessible. The findings therefore
support combining educational interventions with measures that address confidence, perceived need and practical barriers.
The source of HPV vaccine information was also significantly associated with hesitancy (p=0.001). Healthcare providers
were the most commonly reported source of information, accounting for 36.0% of participants, followed by social media
or internet sources (29.6%), friends and family (14.8%), television or print media (10.4%), and absence of prior
information (9.2%). Hesitancy was highest among caregivers who had no prior information (56.5%), followed by those
who relied on friends and family (43.2%). In comparison, hesitancy was 25.6% among caregivers reporting healthcare
providers as their primary information source. These findings highlight the potential importance of reliable information
and healthcare-provider communication. Narayanan et al. reported that parental willingness towards HPV vaccination in
Puducherry was associated with perceived disease risk, self-efficacy and beliefs regarding vaccine effectiveness.[19]
Similarly, research from China has examined the relationship between social media exposure, perceptions of HPV disease
and vaccine uptake among mothers.[20] The comparatively high hesitancy observed among caregivers relying on informal
sources in the present study suggests that vaccine communication should extend beyond healthcare facilities and address
information circulating within families and social networks.

The reported reasons for hesitancy further clarify the barriers influencing caregiver decisions. Insufficient information
was the leading reason, reported by 28.2% of hesitant caregivers, followed by safety concerns and cost concerns, each
reported by 16.9%. Low perceived need and fear of side effects accounted for 15.5% each, while access-related
inconvenience accounted for 7.0%. These findings demonstrate that hesitancy is not attributable to a single concern.
Instead, it reflects uncertainty about the vaccine, concerns about possible adverse effects, financial considerations and
difficulties in accessing vaccination. Similar concerns have been described in Indian studies evaluating parental
knowledge, acceptance and willingness to pay for HPV vaccination.[21-23] Studies examining willingness towards
government-provided HPV vaccination have also highlighted the importance of affordability and confidence in vaccine
safety.[24] Although reducing financial barriers may improve accessibility, the findings of the present study indicate that
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information gaps and psychological determinants also require attention. As the present study did not directly compare
different vaccine-delivery programmes, the independent contribution of free vaccination or government provision cannot
be established from these results.

The 5C psychological antecedents of vaccination provide further insight into the factors associated with hesitancy.
Hesitant caregivers had significantly lower mean confidence scores than non-hesitant caregivers (3.00 + 0.66 versus 3.74
+ 0.64; p<0.001). They also demonstrated higher complacency scores (3.09 = 0.70 versus 2.15 + 0.68), higher constraints
scores (2.94 + 0.70 versus 2.08 £ 0.67), and higher calculation scores (3.29 + 0.75 versus 2.70 £ 0.69), with all differences
statistically significant at p<0.001. Collective responsibility scores were lower among hesitant caregivers (3.42 + 0.79
versus 3.79 £ 0.63; p<0.001). These findings suggest that hesitancy was associated with reduced trust in vaccination,
lower perceived necessity, greater practical barriers, more extensive information processing and a weaker sense of
collective responsibility. The 5C framework developed by Betsch et al. provides a structured approach to understanding
these distinct psychological antecedents of vaccination behaviour.[10]

The multivariable logistic regression analysis identified confidence, complacency, constraints and absence of prior
information as independent determinants of HPV vaccine hesitancy. Caregivers without prior information regarding HPV
vaccination had 7.62 times higher adjusted odds of hesitancy than those with prior information (AOR 7.62; 95% CI 1.52—
38.29; p=0.014). However, the wide confidence interval indicates considerable uncertainty in the magnitude of this
association, which should be interpreted in view of the small subgroup of caregivers without prior information (n=23).
Confidence was inversely associated with hesitancy (AOR 0.14; 95% CI 0.06—0.30; p<0.001), indicating that higher
confidence was associated with substantially lower odds of hesitancy. Conversely, higher complacency (AOR 7.91; 95%
CI3.70-16.89; p<0.001) and greater constraints (AOR 6.33; 95% CI 3.05-13.16; p<0.001) were independently associated
with higher odds of hesitancy. Knowledge score showed a borderline inverse association after adjustment but did not reach
statistical significance (p=0.053). These findings suggest that confidence in vaccination, perceived necessity and practical
accessibility may be particularly important intervention targets, alongside the provision of accurate information.

The findings have practical implications for HPV vaccination programmes. Healthcare-provider-led counselling could
address concerns regarding vaccine safety and explain the preventive benefits of vaccination. Community-based
educational activities may help reach caregivers who have not previously received HPV-related information.
Communication strategies should also address practical barriers and financial concerns, while using accessible language
and reliable information channels to counter misinformation. Previous research in India has demonstrated the potential
value of structured health education in improving parental acceptance of HPV vaccination.[25] However, the effectiveness
of specific interventions in the present study population would need to be evaluated through appropriately designed
intervention studies.

Strengths and limitations: The study included 250 caregivers and assessed vaccine hesitancy using sociodemographic
variables, knowledge measures, reported reasons for hesitancy and the 5C psychological antecedents framework. The use
of multivariable logistic regression enabled the identification of factors independently associated with hesitancy after
adjustment for other variables. Nevertheless, the facility-based, single-centre design and consecutive sampling limit the
generalisability of the findings to the wider population of caregivers in Tamil Nadu. The cross-sectional design does not
establish causal relationships between the identified factors and vaccine hesitancy. Willingness to vaccinate was self-
reported and may not necessarily translate into actual vaccination uptake, and responses may have been influenced by
social desirability bias because data were collected through face-to-face interviews. Furthermore, the small number of
caregivers without prior information resulted in an imprecise adjusted estimate. The association between knowledge and
hesitancy was statistically significant in the bivariate analysis but did not reach statistical significance after adjustment,
underscoring the importance of distinguishing crude associations from independent determinants.

Overall, the present study demonstrates that HPV vaccine hesitancy among caregivers is multidimensional. Although
educational status, knowledge and information source were associated with hesitancy on bivariate analysis, the
independent determinants identified in the adjusted model were absence of prior information, lower confidence, higher
complacency and greater perceived constraints. Interventions that combine reliable vaccine information with healthcare-
provider counselling, improved vaccine confidence, communication addressing perceived necessity and measures to
reduce practical barriers may help strengthen caregiver acceptance of HPV vaccination.

CONCLUSION

The present study found that HPV vaccine hesitancy affected 28.4% of caregivers of girls aged 9—14 years, while 71.6%
expressed willingness to vaccinate their daughters. Knowledge regarding HPV infection and vaccination was
predominantly moderate, with only 34.8% of participants demonstrating good knowledge. Educational status, knowledge
level and source of information were significantly associated with hesitancy on bivariate analysis. However, multivariable
analysis identified absence of prior information, lower confidence, higher complacency and greater perceived constraints
as independent determinants. Insufficient information was the most frequently reported reason for hesitancy, followed by
safety and cost concerns. These findings highlight the need for comprehensive strategies that extend beyond knowledge
dissemination alone. Strengthening healthcare-provider-led counselling, improving access to reliable vaccine information,
addressing safety concerns and reducing financial and practical barriers may help improve caregiver confidence and
acceptance of HPV vaccination. Further community-based studies and intervention research are warranted to assess
whether these strategies translate into improved vaccination uptake among eligible girls.
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