humanyjccines
& IMMUNOTHERAPEUTICS

Human Vaccines & Immunotherapeutics

ISSN: 2164-5515 (Print) 2164-554X (Online) Journal homepage: www.tandfonline.com/journals/khvi20

Taylor & Francis
Taylor & Francis Group

Occupational HPV exposure and vaccination
among healthcare workers: Implications for
institutional vaccination strategies

Gurhan Guney, Evrim Erdemoglu, Selim Afsar , Gracie Haensgen , Sara
Shihab , Ekin Erdemoglu, Kristina A. Butler & Neal Boeder

To cite this article: Gurhan Guney, Evrim Erdemoglu , Selim Afsar, Gracie Haensgen,
Sara Shihab , Ekin Erdemoglu, Kristina A. Butler & Neal Boeder (2026) Occupational
HPV exposure and vaccination among healthcare workers: Implications for institutional
vaccination strategies, Human Vaccines & Immunotherapeutics, 22:1, 2671576, DOI:
10.1080/21645515.2026.2671576

To link to this article: https://doi.org/10.1080/21645515.2026.2671576

© 2026 The Author(s). Published with
license by Taylor & Francis Group, LLC.

A
h View supplementary material &

@ Published online: 26 May 2026.

N
CJ/ Submit your article to this journal

||I| Article views: 613

A
& View related articles &'

@ View Crossmark data (&'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=khvi20


https://www.tandfonline.com/journals/khvi20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/21645515.2026.2671576
https://doi.org/10.1080/21645515.2026.2671576
https://www.tandfonline.com/doi/suppl/10.1080/21645515.2026.2671576
https://www.tandfonline.com/doi/suppl/10.1080/21645515.2026.2671576
https://www.tandfonline.com/action/authorSubmission?journalCode=khvi20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=khvi20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/21645515.2026.2671576?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/21645515.2026.2671576?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2026.2671576&domain=pdf&date_stamp=26%20May%202026
http://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2026.2671576&domain=pdf&date_stamp=26%20May%202026
https://www.tandfonline.com/action/journalInformation?journalCode=khvi20

2026, VOL. 22, NO. 1, 2671576
https://doi.org/10.1080/21645515.2026.2671576

HUMAN VACCINES & IMMUNOTHERAPEUTICS e Taylor & Francis

by informae--

RESEARCH ARTICLE 8 OPEN ACCESS | Check forupcats |

Occupational HPV exposure and vaccination among healthcare workers:
Implications for institutional vaccination strategies

Gurhan Guney?®, Evrim Erdemoglu®®, Selim Afsar<, Gracie Haensgen®®, Sara Shihab?, Ekin Erdemoglu?®,
Kristina A. Butler®®, and Neal Boeder®

aDepartment of Medical and Surgical Gynecology, Mayo Clinic, Phoenix, AZ, USA; ®Mayo Clinic Comprehensive Cancer Center,
Mayo Clinic, Phoenix, AZ, USA; “Department of Obstetrics and Gynecology, Balikesir University Faculty of Medicine, Balikesir,
Turkey; YDepartment of Internal Medicine, Women's Health Internal Medicine, Mayo Clinic, Phoenix, AZ, USA; ¢Department of
General Internal Medicine, Mayo Clinic, Rochester, MN, USA

ABSTRACT ARTICLE HISTORY
Healthcare workers may be exposed to HPV physically through occupational contact or Received 23 January 2026
while counseling patients with HPV conditions. Despite this exposure, HPV vaccination Revised 15 April 2026
uptake among healthcare workers remains suboptimal. The relative contributions of ~ Accepted 2 May 2026

demographic, cognitive, and occupational factors to vaccination behavior, risk percep- KEYWORDS

tion, and vaccine advocacy in the context of institutional prevention strategies are not Human papillomavirus;
well defined. Our aim is to identify independent predictors of HPV vaccine uptake, healthcare workers; HPV
perceived occupational HPV risk, and willingness to recommend HPV vaccination vaccination; occupational
among healthcare workers, with the goal of informing institutional vaccination strate- exposure; vaccine

gies. This cross-sectional survey study included healthcare workers from different spe- recommendation

cialties and evaluated HPV vaccine uptake, perceived occupational HPV risk, and
willingness to recommend vaccination. We used predictors such as age, sex, clinical
role, HPV knowledge, misconceptions, and vaccine safety beliefs then analyzing using
multivariable logistic regression. Among 318 healthcare workers, 41.6% reported prior
HPV vaccination. The majority (53.8%) worked in Internal Medicine. Vaccine uptake was
strongly associated with age; those aged 27-45 had higher odds than those >45y (aOR
7.03). Sex and HPV knowledge were not significant predictors. Perceived occupational
HPV risk was linked to specialty, with dermatology showing higher risk perception (@OR
2.35), and inversely related to age (aOR 0.97 per year). Willingness to recommend HPV
vaccination was high and driven mainly by confidence in vaccine safety (aOR 14.6). These
findings suggest targeted, role-specific strategies beyond education to inform institu-
tional HPV vaccination strategies

Introduction

Human papillomavirus (HPV) is a common viral infection associated with substantial occupational
exposure among healthcare workers, which may occur through direct physical contact during clinical
care or through exposure while counseling patients with HPV conditions. Excisional procedures, laser
ablation, and electrocauterization create a surgical plume containing HPV DNA, leading to inhalation and
mucosal exposure and supporting the classification of healthcare workers as a population at increased
risk."”> Although healthcare workers are identified as a special occupational risk group, studies have shown
limited awareness of national recommendations supporting HPV vaccination among healthcare personnel,
with awareness affecting fewer than 25% of healthcare workers.>* Despite this, healthcare workers have
shown high interest in getting vaccinated, especially when their knowledge of HPV is high. Previous studies
evaluating HPV vaccination among healthcare workers have reported highly variable but generally low
uptake rates, ranging from 10-40% across different countries and clinical environments, indicating that
even clinicians regularly managing HPV-related conditions remain under-vaccinated.”” Multiple determi-
nants of HPV vaccination influence have been described in the literature, including HPV behavior,
knowledge, perceived susceptibility to occupational exposure, misconceptions about HPV-related cancers,
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and concerns regarding vaccine safety. However, associations between these determinants and actual
vaccination behavior have been inconsistent across studies, with some reporting positive associations
between knowledge and uptake, while others highlight the predominance of safety beliefs, perceived benefit,
or provider recommendation practices as stronger drivers of vaccine acceptance. Most previous studies
examining HPV vaccination in healthcare workers have consisted of descriptive analyses focusing on single
outcomes such as HPV knowledge, risk perception, or self-reported vaccination behavior. In contrast,
studies that simultaneously assess multiple behavioral outcomes in the same healthcare worker population
are quite limited.* "' Importantly, the existing research has largely focused on descriptive assessments of
awareness and prevention practices, with limited evaluation of how HPV knowledge, perceived occupa-
tional risk, and misconceptions independently influence vaccine uptake, risk perception, and willingness to
recommend vaccination among healthcare workers. As this population is regularly offered vaccination, this
highlights a convenient opportunity to offer HPV vaccination consistent with guideline- based updates and
meeting age-appropriate criteria (age <45). Identifying these driving forces is crucial for designing targeted,
institution-level interventions that go beyond education alone.”'*'* Based on this gap in the literature, this
cross-sectional survey study aimed to identify behavioral determinants of HPV vaccination by evaluating
occupational exposure awareness, HPV knowledge and misconceptions, vaccination behaviors, and will-
ingness to recommend vaccination among tertiary healthcare personnel using multivariable modeling."

Methods
Study design and participants

Data for the study were collected through a structured and anonymous online survey distributed electro-
nically to healthcare workers across multiple clinical departments within a large tertiary academic health-
care system with locations in three U.S. states between June 3 and June 24, 2025. The survey invitation was
sent through institutional communication channels and departmental mailing lists. A total of 328 healthcare
workers participated in the survey. Participants were required to interact with patients and complete
a minimum number of survey questions assessing HPV knowledge, perceptions, and vaccination behaviors.
Because participation was voluntary and the survey link was shared through internal communication
platforms, the exact number of individuals who received the invitation could not be determined, and
a formal response rate could therefore not be calculated. Completion of the survey provided informed
consent, and no financial incentives or compensation were offered for participation. Reminders were sent 3
times. REDCap, a secure web-based application designed to support data capture for research studies, was
used for the survey in a de-identified manner, with reminders managed internally by the REDCap system to
ensure anonymity. No linkage between responses and individual participants was available to the
researchers.

Survey instrument and variable definitions

The survey design began with precise research questions. Some items were adapted from previously
published surveys, while additional questions were developed by the study team. Constructs were grounded
in established literature on HPV knowledge, vaccination behavior, and occupational exposure among
healthcare professionals.* Expert panel review, including subject matter experts (NB, SA, KB, MH, EE),
was used for content validation. Questions were refined based on feedback and an initial small sample pilot
distribution. Formal cognitive interviews were not conducted prior to survey administration. A binary-
response survey format was used to collect clear categorical data. The survey instrument included multiple
domains comprising seven knowledge items, five perception items, and four behavior-related items.

In order to increase transparency and reproducibility, the full text of the questionnaire questions
used in the study is presented in Supplementary Table S1. The survey included items assessing
demographics, HPV transmission and vaccine knowledge, perceived occupational risk, awareness of
vaccination guidelines, and personal vaccination practices. Demographic variables included age, sex,
clinical role, department classification, and self-reported race. HPV knowledge was calculated by
summing correct responses to seven binary survey items assessing knowledge of HPV-associated
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malignancies. Correct identification of HPV-associated cancers (cervical, vulvar, vaginal, anal, penile,
and oropharyngeal) and correct exclusion of non-HPV-associated cancers (breast or lung) contributed
to the total score. Each item was coded dichotomously, and the total knowledge score was calculated,
with higher scores indicating greater HPV knowledge.

Perceived occupational HPV exposure score was assessed using a single-item measure reflecting parti-
cipants’ self-reported awareness of occupational HPV exposure during clinical practice. In this study,
occupational HPV exposure awareness refers to healthcare professionals’ awareness of the likelihood of
encountering HPV during clinical practice. This concept differs from risk perception, which reflects an
individual’s subjective assessment of the probability of developing an occupational infection. Responses
were recorded on a four-level ordinal scale ranging from 0 (no awareness) to 3 (high awareness), with higher
scores indicating greater perceived occupational exposure to HPV. Breast and lung cancer items served
a dual purpose: correct exclusion of non-HPV-associated malignancies contributed to the HPV knowledge,
whereas incorrect identification was used to define a separate binary HPV misconception variable, analyzed
independently. HPV vaccination status was categorized as vaccinated or unvaccinated. Among unvacci-
nated participants, age was further described descriptively as <45y or >45y for reporting purposes only.
Additional sections of the survey assessed attitudes toward vaccine safety, knowledge of national recom-
mendations, and willingness to recommend the HPV vaccine to others. HPV preventive behavior score was
calculated by summing responses to four binary items assessing HPV preventive practices, where higher
scores indicated greater engagement in preventive behaviors.

Statistical analysis

Demographic characteristics, HPV knowledge scores, and vaccination status were summarized using
descriptive statistics. Continuous variables were expressed as mean + standard deviation or median (inter-
quartile range), as appropriate, and categorical variables as frequencies and percentages. Given non-normal
distributions, comparisons between two independent groups were performed using the Mann-Whitney
test, and comparisons among three or more groups were conducted using the Kruskal-Wallis test, followed
by pairwise Mann-Whitney U tests with Bonferroni-adjusted significance thresholds when appropriate.
Bivariate analyses were performed to examine crude associations between participant characteristics and the
three primary outcomes: HPV vaccine uptake, perceived occupational HPV risk, and willingness to
recommend HPV vaccination. Variables were selected for multivariable logistic regression models based
on clinical relevance and prior literature.'® In addition, variables demonstrating a p value <.10 in univariate
analyses were considered during model evaluation to avoid premature exclusion of potentially relevant
factors and to minimize residual confounding. Three separate multivariable logistic regression models were
constructed to identify independent predictors of each outcome. HPV knowledge score was included as
a continuous variable. Age group was included as a covariate in the multivariable models to account for the
age-dependent eligibility of HPV vaccination. Given the low proportion of participants (7.9%) unwilling to
recommend vaccination, Firth penalized logistic regression was applied for this outcome. Results are
reported as adjusted odds ratios (aORs) with 95% confidence intervals (Cls), and a two-sided p value
<.05 was considered statistically significant. All descriptive and nonparametric analyses were conducted
using SPSS version 28, while multivariable regression analyses were performed using R Studio (version
4.5.2). Multicollinearity among predictors was assessed using variance inflation factors (VIF), and model fit
for standard logistic regression models was evaluated using the Hosmer-Lemeshow goodness-of-fit test.
Exploratory factor analysis was conducted to evaluate whether survey items used to construct composite
scores represented common underlying constructs. Sampling adequacy was assessed using the Kaiser—
Meyer-Olkin (KMO) statistic and Bartlett’s test of sphericity. Factor analysis was applied to the HPV
knowledge items and preventive behavior items because these variables were derived from multiple
conceptually related survey questions. In contrast, the HPV misconception score represents the count of
incorrect responses to individual knowledge items rather than reflective indicators of a single latent
construct; therefore, factor analysis was not considered appropriate for this variable. Similarly, perceived
occupational HPV exposure awareness was assessed using a single binary survey item reflecting self-
reported exposure awareness during clinical practice; therefore, exploratory factor analysis was not applic-
able for this variable.
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Results
Participant characteristics

A total of 327 healthcare workers completed the survey. Following the exclusion of 9 respondents with
missing or inappropriate data, the final analytic sample comprised 318 participants with a mean age of
45.12. The proportion of missing data was small (n=9), thus imputation was not performed, and
a complete-case analysis was used. Most participants were female with individuals aged 27-45 y represent-
ing the largest age group (158 participants, 52.8%). Internal medicine represented the largest clinical group,
followed by family medicine and pediatrics; dermatology accounted for a smaller but distinct proportion of
the cohort. Detailed demographic characteristics are presented in Table 1. Agreement with HPV-related
statements across departments is shown in Figure 1.

HPV knowledge

HPV knowledge scores across participant characteristics are summarized in Table 2. Knowledge did not
differ significantly between female and males (p = .826). Similarly, no significant difference in HPV knowl-
edge was observed between vaccinated and unvaccinated healthcare workers (p =.832). Across clinical
departments, HPV knowledge was also similar, with no significant differences observed among pediatrics,
family medicine, internal medicine, dermatology, and other specialties (p =.066).

Perceived occupational HPV exposure

Perceived occupational HPV exposure risk is presented in Table 2. Exposure perception scores did not differ
significantly between male and females (p =.10). In contrast, vaccinated participants demonstrated sig-
nificantly higher occupational HPV exposure perception compared with unvaccinated participants
(p =.012). No statistically significant differences in exposure perception were observed across professional

Table 1. Demographic and occupational char-
acteristics of healthcare workers (n =318).

Characteristic n (%)?
Age (mean + SD) 4512+12.7
Sex
Female 217.0 (69.6%)
Male 95.0 (30.4%)
HPV Vaccination Status
Vaccinated 129.0 (40.6%)
<45y 111 (86.0%)°
>45y 14 (10.9%)°
Not Vaccinated 189.0 (59.4%)
Race
White 255 (80.2)
Asian 31(9.7)
Black/African American 9 (2.8)
Native American 8 (2.5)
Other/Mixed 25(7.9)
Department
Pediatrics 38.0 (11.9%)
Family Medicine 46.0 (14.5%)
Internal Medicine 171.0 (53.8%)
Dermatology 34.0 (10.7%)
Other 28.0 (8.8%)

?Data are presented as n (%) unless otherwise specified.
Age is reported as mean + standard deviation. HPV vac-
cination status reflects self-reported receipt of at least
one dose of the HPV vaccine. Among unvaccinated
participants, age distribution is shown descriptively
(<45y vs >45Yy). Percentages may not total 100% due
to rounding.

PAge information was missing for 4 vaccinated
participants.
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Proportion of Healthcare Workers Agreeing with Each Statement by Department
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Figure 1. Proportion of healthcare workers agreeing with HPV-related statements by department. Bars represent the
percentage of respondents within each specialty who agreed or strongly agreed with each statement. Dermatology,
internal medicine, family medicine, and pediatrics are shown for comparison.

Table 2. Differences in HPV-related knowledge and occupational exposure perception scores by participant characteristics.

HPV-related knowledge (0-7 score)

Occupational HPV exposure perception (0-4 score)

n Mean SD p value n Mean SD p value
Gender p:.103
Female 216 5.48 1.46 p:.826 215 173 1.03
Male 95 5.48 1.48 94 1.94 1.06
HPV vaccination
Vaccinated 129 5.52 1.39 p:.832 128 1.95 1.04 p:.012%
Unvaccinated 188 5.45 1.55 187 1.66 1.03
Profession
Medical doctors 169 5.66 1.15 p:.072 166 1.89 1.02 p:.299
APP (NP/PA/CRNA 8 4.80 1.16 8 2.00 1.20
Nursing/Allied Health 1 5.29 1.75 112 1.71 0.99
Department
Pediatrics 38 4.97 1.59 p:.066 38 1.87 1.07 p:.002*
Family Medicine 45 5.58 1.30 45 1.78 0.95
Internal Medicine 171 5.56 141 170 1.6588 1.03
Dermatology 34 5.82 1.22 33 242 0.97
Other 28 5.0 2.07 28 1.68 1.06

Continuous variables are presented as mean + standard deviation. Comparisons between two independent groups were performed using the
Mann-Whitney U test, and comparisons among three or more groups were conducted using the Kruskal-Wallis H test. When statistically
significant, post-hoc pairwise comparisons were performed using Dunn’s test with Bonferroni correction. *A two-sided p value <.05 was

considered statistically significant.

Abbreviations: HPV, human papillomavirus; APP, advanced practice providers (nurse practitioners, physician assistants, certified registered nurse

anesthetists).
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groups, including medical doctors, advanced practice providers, and nursing or allied health professionals
(p =.299). However, occupational HPV exposure perception differed significantly across clinical depart-
ments (p=.002). Healthcare workers in dermatology demonstrated higher HPV exposure perception
compared with family medicine, internal medicine, and other specialties. Post-hoc pairwise comparisons
using Mann-Whitney with Bonferroni correction (a=0.01) confirmed statistically significant differences
for these comparisons, whereas no statistically significant difference was observed between dermatology and
pediatrics.

HPV misconception

HPV misconception scores across participant characteristics are summarized in Table 3. Misconception did
not differ significantly between female and male workers (p =.79). Similarly, no significant difference was
observed between vaccinated and unvaccinated participants (p =.328). Misconception did not differ
significantly across clinical departments (p =.108).

HPV preventive behavior

HPV preventive behavior scores are presented in Table 3. Preventive behavior did not differ significantly by
sex (p =.327) or HPV vaccination status (p =.914). No statistically significant differences were observed
across professional groups, including medical doctors, advanced practice providers, and allied health
professionals (p =.247). In contrast, HPV preventive behavior differed significantly across clinical depart-
ments (p =.002). Dermatology healthcare workers demonstrated the highest preventive behavior. Post-hoc
pairwise comparisons using Mann-Whitney with Bonferroni correction (a=0.01) revealed significantly
higher scores in dermatology compared with pediatrics, family medicine, internal medicine and other
specialties.

Multivariable analysis of HPV outcomes

The independent predictors of HPV vaccine uptake perceived occupational HPV risk, and willingness to
recommend HPV vaccination identified in the multivariable models are summarized in Figure 2. In
multivariable logistic regression analysis evaluating predictors of HPV vaccine uptake (Model 1), age
group emerged as the strongest independent determinant. Healthcare workers aged 27-45y had signifi-
cantly higher odds of HPV vaccination compared with those aged over 45y (adjusted odds ratio [aOR],

Table 3. Association between HPV-related misconceptions and preventive behaviors among healthcare workers.

HPV-Related Misconceptions Score (0-3) HPV Preventive Behavior Score (0-4)
n Mean SD p value n Mean SD p value
Gender p:.795 p:.327
Female 217 0.21 0.55 217 0.93 1.1
Male 95 0.23 0.57 95 0.80 1.06
HPV vaccination
Vaccinated 129 0.20 0.56 p:.328 129 0.90 1.1 p:.914
Unvaccinated 189 0.24 0.59 189 0.87 1.08
Profession
Medical doctors 169 0.15 0.43 p: .046* 169 0.72 0.90 p: 247
APP (NP/PA/CRNA 8 .0000 .00000 8 0.75 0.89
Nursing/Allied Health 112 0.33 0.70 112 1.04 1.26
Department
Pediatrics 38 0.19 0.56 p:.108 38 0.76 1.08 p:.002*
Family Medicine 46 0.20 0.50 46 0.83 1.10
Internal Medicine 171 0.19 0.54 171 0.80 1.06
Dermatology 34 0.44 0.79 34 1.56 1.08
Other 28 0.29 0.60 28 0.86 1.1

Continuous variables are presented as mean * standard deviation. Comparisons between two independent groups were performed using the
Mann-Whitney U test, and comparisons among three or more groups were conducted using the Kruskal-Wallis H test. When statistically
significant, post-hoc pairwise comparisons were performed using Dunn’s test with Bonferroni correction. *A two-sided p value <.05 was
considered statistically significant.

Abbreviations: HPV, human papillomavirus; APP, advanced practice providers (nurse practitioners, physician assistants, certified registered nurse
anesthetists).
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Figure 2. Multivariable predictors of HPV-related outcomes among healthcare workers. Adjusted odds ratios (@ORs) and 95%
confidence intervals (Cls) from three separate multivariable logistic regression models are shown for HPV vaccine uptake
(green), perceived occupational HPV risk (red), and willingness to recommend HPV vaccination (blue). Odds ratios are
displayed on a logarithmic scale, with the dashed vertical line indicating the null value (aOR = 1.0). Age group is shown as
27-45 y versus >45 y. Willingness to recommend HPV vaccination was analyzed using Firth penalized logistic regression due to
outcome imbalance. Model fit for the multivariable logistic regression analyses was assessed using the Hosmer-Lemeshow
goodness-of-fit test, and multicollinearity among predictors was evaluated using variance inflation factors (VIFs).

7.03; 95% CI, 3.72-14.16; p <.001). Sex was not independently associated with vaccine uptake after
adjustment (aOR, 1.07; 95% CI, 0.57-2.00; p = .83). Similarly, HPV knowledge did not demonstrate an
independent association with HPV vaccine uptake (aOR, 0.98 per unit increase; 95% CI, 0.78-1.23; p = .87).
In the adjusted multivariable model examining perceived occupational HPV risk (Model 2), dermatology
specialty was independently associated with higher perceived risk compared with other specialties (adjusted
odds ratio [aOR], 2.35; 95% CI, 1.09-5.36; p = .034). Increasing age was inversely associated with perceived
occupational HPV risk (aOR, 0.97 per year increase; 95% CI, 0.95-0.99; p <.001), indicating that younger
participants were more likely to perceive themselves at occupational risk. Sex was not significantly
associated with perceived occupational HPV risk (aOR, 0.89; 95% CI, 0.53-1.50; p = .665). Similarly, HPV
knowledge did not demonstrate an independent association with perceived risk (aOR, 1.17; 95% CI,
0.96-1.43; p =.119). Belief in HPV vaccine safety was also not independently associated with perceived
occupational HPV risk in the adjusted analysis (aOR, 0.92; 95% CI, 0.21-4.09; p = .914).

In Model 3, due to the low proportion of participants unwilling to recommend HPV vaccination (7.9%),
Firth penalized logistic regression was applied. Belief in the safety of the HPV vaccine emerged as a strong
independent predictor of willingness to recommend vaccination (adjusted OR 14.6, 95% CI 3.5-61.0).
Department specialty, age, sex, and HPV knowledge were not significantly associated with willingness to
recommend HPV vaccination. Multicollinearity among predictors in the regression models was assessed
using variance inflation factors (VIF). VIF values across the models ranged between 1.00 and 1.02,
indicating no evidence of multicollinearity. Model fit for the multivariable logistic regression models was
evaluated using the Hosmer-Lemeshow goodness-of-fit test. The Hosmer-Lemeshow test did not indicate
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lack of fit for the logistic regression models (Model 1: x* = 5.87, df = 3, p = .118; Model 2: y* = 1.13, df = 3,
p=.769).

Discussion

This study identified strong and independent predictors of HPV behaviors among healthcare profes-
sionals. We observed that personal HPV vaccination uptake was driven primarily by age, with
substantially higher uptake among individuals aged 27-45y, independent of sex and HPV knowledge.
The significantly lower HPV vaccination rate observed among healthcare workers over 45y of age in
our study likely reflects historical eligibility criteria for the HPV vaccine. When the HPV vaccine was
first introduced, catch-up vaccination was only recommended up to age 26. In 2018, the FDA expanded
the age range for HPV vaccination to 45, and subsequently, ACIP recommendations adopted an
approach involving a joint clinical decision by physician and patient for adults aged 27-45.
Therefore, many individuals currently over 45 may have fallen outside the recommended vaccination
age range when the HPV vaccine was first introduced; this may partly explain the lower vaccination rate
observed in this age group.'” In contrast, perceived occupational HPV risk was shaped predominantly
by specialty-specific clinical exposure, with dermatology professionals reporting significantly higher risk
of perception. It should be noted that our study assessed perceived occupational HPV risk rather than
objective exposure risk; therefore, these findings reflect healthcare workers’ perceptions of occupational
exposure rather than measured exposure levels. Additionally, increasing age was inversely associated
with perceived occupational HPV risk, while HPV knowledge and belief in HPV vaccine safety were not
independently associated with risk perception. Notably, willingness to recommend HPV vaccination
was not influenced by age, sex, HPV knowledge or department specialty, but was overwhelmingly
driven by confidence in vaccine safety. Although many previous studies have examined HPV knowl-
edge, attitudes, and vaccination behaviors among healthcare professionals, most of these studies have
focused on descriptive assessments of individual outcomes. Therefore, while some of our findings, such
as those related to age and perceptions of vaccine safety, are consistent with the existing literature, our
study contributes to the literature by simultaneously evaluating multiple behavioral determinants within
the same healthcare professional population. Collectively, these multivariable modeling findings indicate
that HPV behaviors among healthcare workers are shaped by different determinants, suggesting that
institutional strategies may need to account for both occupational context and individual beliefs rather
than relying solely on knowledge-based education.

In our study, an age-driven pattern persisted after adjustment for sex and HPV knowledge, neither of
which independently influenced vaccine uptake in our cohort. Our results align with prior population-based
and healthcare worker studies reporting an inverse relationship between age and adult HPV vaccination,
particularly within the mid-adult age range.'® In contrast to the literature, we did not observe a significant
difference between genders in terms of vaccine uptake.'” The absence of a gender difference in our study
suggests that some commonly accepted assumptions regarding HPV vaccination such as traditional gender-
based barriers may not be valid in all contexts. The perceptual, cultural, access-related factors proposed in
the existing literature to explain lower vaccination rates in men may have a reduced effect in certain
populations, as observed in our study.”>*' These findings may provide preliminary insights into possible
factors underlying disparities in HPV vaccination; however, given that the questionnaire-based scales used
in this study have not been formally validated and the study was conducted within a single health system,
the results should be interpreted cautiously and confirmed by future studies in different populations.
Although HPV knowledge has frequently been reported as a positive determinant of vaccine uptake in
many studies,”” we did not observe an independent association between knowledge level and HPV
vaccination in our study. In accordance with this heterogeneity, several studies have suggested that knowl-
edge alone may be insufficient for vaccine uptake. For example, Thompson et al.® detected in their study
that knowledge about HPV was more likely associated with asking questions to healthcare professionals
about the vaccine, but that actual vaccine uptake was more strongly predicted by perceptions of the vaccine’s
effectiveness and the likelihood of benefiting from the vaccine. Similarly, a comprehensive study conducted
in China'® revealed that HPV knowledge and vaccination rates were concentrated in socioeconomically
advantaged groups, suggesting that knowledge alone may be insufficient for vaccination and that broader
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socioeconomic factors also play an important role. A large-scale, community-based study involving 11,678
mothers and their daughters aged 9-17 investigated the potential impact of factors such as perception of
HPV, accessibility to the 9-valent HPV vaccine, satisfaction with government-provided health information
materials, and exposure to HPV-related information on social media on HPV vaccination behavior. The
study highlights that HPV vaccination rates among mothers are below the desired level and emphasizes the
need to improve disease perception, facilitate access to the vaccine, develop effective health communication
strategies, and utilize social media by health authorities to increase HPV vaccination.”® In our study, the
independent association we observed between dermatology specialization and perceived higher occupa-
tional HPV risk is most likely secondary to specialty-specific procedural practices. Dermatologists fre-
quently treat HPV lesions using electrocautery or ablation, which explains the increased perceived exposure
during clinical work; however, this does not indicate that occupational transmission has been definitively
confirmed.

Another key finding of our study is the inverse association between age and perceived occupational HPV
risk, suggesting that younger healthcare workers perceive occupational exposure to the infection as riskier.
Like our study, a survey conducted by Lim et al.** on 1252 healthcare workers indicated that younger
individuals had a higher perception of occupational risk, and that less work experience also increased this
risk. Another interesting study showed, Polgar *° nurses with more experience and greater comfort working
with AIDS patients perceived a lower risk of contracting HIV. This pattern aligns with the concept of
habituation and may contribute to the inverse relationship between increasing age and occupational risk
identified in our research.

In our study, HPV knowledge was not found to be independently associated with perceived occupational
risk, suggesting that knowledge alone may be insufficient to shape perceived occupational risk. The literature
has shown that even though healthcare workers have a high level of knowledge and awareness regarding
infectious diseases, their perception of occupational risk can vary significantly. This depends on the unit and
clinical context in which they work, and that perception is influenced by factors beyond factual knowledge,
such as procedural exposure and perceived protective measures.”>>” Similarly, belief in the safety of the HPV
vaccine was not found to be independently associated with perceived occupational HPV risk in our study. This
finding suggests that perceptions of vaccine safety and assessments of occupational exposure risk are shaped
through different cognitive processes. In the existing literature, beliefs about vaccine safety are mostly
associated with vaccine acceptance or recommendation behaviors, and there are almost no studies that directly
investigate the correlation between perceived occupational risk and vaccine safety beliefs.***’

Finally, another important finding of our study was that willingness to recommend HPV vaccination was
overwhelmingly driven by confidence in vaccine safety. In contrast age, sex, HPV knowledge and depart-
ment specialty were not significantly associated with willingness to recommend HPV vaccination. Although
shared clinical decision making (SCDM) was designed to support individualized adult HPV vaccination,
accumulating evidence indicates that the current SCDM framework may inadvertently function as
a structural barrier. Multiple studies show that primary care providers rarely initiate HPV vaccine con-
versations with adults including those aged 18-26 leaving nearly 70% of eligible individuals without any
provider-driven recommendation.'"*® This communication gap interacts with the ambiguity of SCDM
guidance: as Wheldon and colleagues®’ note, only highly health-literate or empowered patients benefit,
while ‘last-chance’ groups, particularly young men, show alarmingly low initiation rates (e.g., 8.2% in Adjei
Boakye et al.”%) In addition, even when providers do raise the topic, the quality of recommendations is often
passive and non-directive, which further reduces uptake.’”> These barriers suggest a critical need to
standardize how HPV vaccination discussions are initiated and delivered within the adult care workflow.
Emerging system-level approaches such as pre-visit educational tools, nurse-driven workflow models, or
Al-assisted conversation starters may help reduce provider hesitation, eliminate implicit bias, and ensure
that the discussion is framed around cancer prevention rather than sexual activity. The association we
observed between vaccine safety belief and willingness to recommend HPV vaccine is consistent with
previous studies that emphasize the central role of vaccine safety confidence in shaping healthcare profes-
sionals’ vaccine recommendation behaviors.”** In a recent systematic review, Bakare et al.? observed that
the main barriers to recommending the HPV vaccine among healthcare workers were concerns about the
safety and effectiveness of the vaccine, but that vaccine recommendation behaviors varied depending on
several factors, such as the geographical region studied and concerns about parental hesitancy. Therefore,
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they emphasized that targeted educational and system-level support can strengthen vaccination recom-
mendations by increasing confidence in vaccines. Similarly, a large-scale study by Farias et al.,>* involving
36,827 patients and 134 pediatricians, found that physicians’ concerns regarding vaccine safety, effective-
ness, and cost negatively affected HPV vaccination initiation by reducing recommendation behavior.

Stigma around HPV being viewed a sexual infection instead of a virus that causes cancer negatively
impacts provider willingness to recommend the vaccine.”® HPV is not only sexually transmitted, hence
80-90% of adults contract HPV at some point in life.** Many, 6-20%, will not clear it.*” Skin to skin contact
can cause transmission as well as open mouth kissing.”® Up to 8% of virgin girls in two different studies were
found to have HPV.>” The vaccine has been found to be beneficial even after exposure to the HPV virus by
reducing the long-term consequences of not clearing the virus.*” In 2018 the HPV vaccine was approved for
adults through age 45. Despite this, only 34% of participants reported having prior HPV vaccine discussions
with a clinician, receiving the vaccine was positively associated with prior HPV vaccine discussions.''
Broadly speaking, most primary care providers do not initiate HPV vaccine discussions with adults over 18;
however, when these conversations do occur, patients are often willing to receive the vaccine.*"*> Adjusting
counseling about HPV and presenting it as a risk factor for cancer would make it easier for care providers
offering education. This study helps to facilitate communication about the vaccine in a nonsexual discus-
sion. In addition, if healthcare workers want the vaccine many still require their care provider to order for
the vaccine for them to be able to receive the vaccine.

Limitations

Our study has several limitations that should be considered when interpreting the findings. First, as this was
a cross-sectional survey study, the observed associations do not allow causal inference. Second, vaccination
status, occupational risk perception, and attitudes toward vaccine safety were self-reported and may be
subject to recall. Third, some survey measures were relatively simplified. The survey instrument included
multiple domains comprising seven knowledge items, five perception items, and four behavior-related
items. HPV knowledge was assessed using a limited number of binary survey items, and perceived
occupational HPV exposure was derived from self-reported survey responses rather than objective exposure
measurements. These measures may not fully capture the complexity of these constructs and should
therefore be interpreted as exploratory indicators rather than comprehensive assessments. Fourth, the
study was conducted within a single tertiary academic healthcare system, therefore, generalizability to
other institutional settings with different professions and vaccination policies may be limited. Fifth, the
outcome assessing willingness to recommend HPV vaccination was highly imbalanced, with a small number
of negative responses, requiring the use of Firth’s penalized logistic regression to reduce small-sample bias.
While this approach mitigates bias, wide confidence intervals remain for predictors with very low event
counts (e.g., Black and Unknown/Multiple races). Sixth, the proportion of missing data was small; therefore,
a complete-case analysis was performed without imputation. Finally, although the specialty-specific find-
ings obtained among dermatology specialists were strong, the small number of participants may have
limited the statistical power of the results. Additionally, the use of a non-validated survey instrument and
the assessment of knowledge and occupational exposure using simplified measures represent significant
limitations of this study. Although the survey was distributed to 3,965 unique e-mail addresses, there was no
mechanism to ensure that all e-mail addresses were active or functional at the time of distribution.
Therefore, the true denominator could not be reliably established, limiting our ability to determine an
accurate response rate. While exploratory factor analysis was conducted to support the structure of selected
variables, this approach does not fully establish construct validity. Consequently, given the existing limita-
tions, the findings should be interpreted with caution.

Conclusions

In conclusion, our findings suggest that HPV influence among healthcare workers is associated with diverse
and behavior-specific determinants rather than a single underlying factor. While HPV vaccination rates are
primarily influenced by age, perceived occupational HPV risk is associated with specialty-specific clinical
exposure, independent of HPV knowledge or perceptions of vaccine safety. In contrast, willingness to
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recommend the HPV vaccine is associated with confidence in vaccine safety, rather than by demographic
characteristics, knowledge level, or departmental specialization. The specialty specific patterns observed
especially among dermatology specialists highlight the importance of clinical context and perceived
exposure in shaping occupational risk perceptions. Additionally, our study includes healthcare professionals
from different disciplines within Mayo Clinic sites in three states, as there is very little literature providing
assessments specific to different areas of expertise. Moreover, we simultaneously evaluated HPV knowledge,
perceived occupational risk, vaccination behavior, and recommendation practices to identify independent
behavioral determinants. Identifying specialty-specific patterns, particularly among dermatology personnel,
offers new perspectives on occupational HPV exposure and helps inform which specialties should be
prioritized in terms of institutional training and prevention practices. Overall, these findings suggest that
effective HPV prevention strategies among healthcare workers may require more than just increasing
knowledge; future studies may help determine whether targeted, role-specific approaches that strengthen
vaccine confidence and are supported by institutional policies could improve HPV prevention efforts.
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