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Introduction: Despite proven efficacy, HPV vaccination coverage is still suboptimal. Factors influencing vaccination uptake are education attainment, socio-economic position, and knowledge about HPV. This study aimed to assess HPV vaccination uptake and its correlates among medical students and identify logistic-organizational barriers, knowledge, and attitudes with regard towards HPV vaccination to improve current public health vaccination strategies. Medical students, with their acquired biological knowledge, were selected as a low-risk groups for HPV vaccination uptake. This cross-sectional study was conducted using a validated questionnaire.

Methods: Students in their the first 3 years of study students were preferentially invited. Eventually, the invitation was extended to every medical student. Logistic multivariable regression was used to assess determinants of HPV vaccination uptake. Additional analysis explored determinants of knowledge of and attitude toward HPV vaccination. Finally, a sensitive analysis was conducted to further assess the effect of knowledge and attitude on the HPV vaccination rate.

Results: A total of 882 medical students participated, with 74.5% enrolled in the first 3 years of their training. HPV vaccination uptake was 55.5%, ranging from 78.5% for females to 16.5% for males. Male sex and increasing age were consistently associated with a lower vaccination uptake (males sex: OR 0.03, CI 0.02–0.05; age: OR 0.77, CI 0.68–0.88), whereasilst progress in their academic career was associated with a to higher likelihood of being vaccinated (6th year: OR 3.45, CI 1.24–9.57). These associations were confirmed when considering the knowledge of and attitude towards HPV. Additionally also, an active outreach from healthcare institutions was associated with a higher likelihood of receiving HPV vaccination (OR 1.70, CI 1.09–2.65.

Conclusion: HPV vaccination in medical students was higher than in the general population; however, it was still suboptimal. An active and up-to-date call strategy and extending the free-of-charge offer are essential measures for to improvinge vaccination uptake. The findings support the need to improve public health strategies and increase awareness and knowledge ofregarding HPV vaccination.
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Introduction

Human papillomavirus (HPV) is responsible for the most prevalent sexually transmitted infection (1), with a lifetime probability of acquiring it ranging between 85% for females and 91% for males (2, 3). Although HPV primarily causes cervical cancer in females, it also serves as a risk factor for cancers in both sexes (vaginal, vulvar., oropharyngeal, penile, and anal), with some types being more common in males (4), affecting especially vulnerable subgroups (5) and influenced by a large variety of factors (6) (e.g., genotype, gender, anatomic site of infection, and socio-economic position). The burden of HPV-related cancers on health systems is disproportionate as it accounts for 5% of new cancers globally (7). In Europe alone, 58,169 new HPV-related cancers are estimated to occur each year (8). Furthermore, 17,486 women die from cervical cancer every year (1,589 in Italy) (9). Additionally, cervical cancer results in a loss of 436259.6 disability-adjusted life years in the European Union and 35796.71 in Italy in 2019 (10). In 2018, the total annual direct cost of HPV-related disease to the Italian Health System was €542.7 million, with a range of €346.7–€782.0 million (11). These costs could further increase when innovative therapies for cancer treatment are taken into account (range €16.2–€37.5 million) (11).

HPV vaccination is an effective primary prevention strategy to reduce HPV cancer-related infections (12). Vaccines against HPV have been available since 2006 and recommended by the World Health Organization (WHO) since 2009 (13). They have been progressively introduced in many national immunization schedules, initially offered only to female adolescents. However, both vaccine introduction and coverage are still suboptimal (13). It was reported that HPV immunization programs targeted only 20% of young adolescent females worldwide, and only 15% of girls aged 10–20 had been fully vaccinated by the end of 2019 (13). The Italian National Health Service provides the HPV vaccine free of charge to adolescents aged 11–12, with a catch-up dose for 25-year-old females (14). Despite this recommendation, limited success has been reported as the full HPV immunization rates remain far below the WHO threshold of 95% (15).

Barriers to HPV vaccine promotion and uptake are low education, low income, fears of embarrassment or stigma, lack of knowledge about HPV, cultural acceptability of sexual behavior, distrust of healthcare, general lack of information regarding cancer risks and prevention, privacy concerns, and limited access to health care providers and preventive care (16). Other studies have suggested that low vaccination rates may be associated with factors such as parental approval of vaccination (17, 18) and physician recommendations (18–20).

As education attainment, socio-economic position, and knowledge about HPV are among the main factors that can explain the HPV vaccination uptake, it is pivotal to assess whether the coverage effectively increases in groups that are considered at low risk to further improve the public health strategy. Specifically for this study, we selected medical students as a low-risk group for HPV vaccination uptake due to their previously acquired biological knowledge necessary to pass the admission test. This study aims to assess HPV vaccination uptake and its correlates among medical students at the University “Federico II” in Naples, the largest university in Southern Italy, and identify logistic-organizational barriers to, knowledge of, and attitude toward HPV vaccination to improve current public health vaccination strategies.



Methods


Study design

This cross-sectional study was conducted between April and May 2023. Data were collected through the administration of a validated anonymous questionnaire. All Italian medical students at the University Hospital “Federico II” of Naples, the largest university hospital in Southern Italy, were invited to participate through multiple communication channels, including email, posters distributed across university premises, and info points. All prospective participants received comprehensive information concerning the research’s purpose and scope, the methodology employed, the voluntary nature of their involvement, the assurance of complete anonymity and confidentiality of their shared information, and the option to discontinue their participation at any time without the need to provide a rationale. Before completing the survey, written consent was secured from each participant. Consent was collected separately from the survey to protect the privacy of the participants. Sample calculation was based on the population size of students attending the first 3 years of medical school, as they were our primary target population (e.g., more likely to have been offered the vaccination free of charge). However, we also extended the possibility to participate in the study to the other medical students. The desired sample size was 843 subjects, considering a population of 3,999 medical students, a confidence level of 95%, and a margin of error of ±3%. Ethical approval was granted by the University Hospital Ethics Committee (Prot. no. 0014525, 24th of March 2023); the study was conducted in accordance with good clinical practice and the Declaration of Helsinki.



Study variables

Study variables were retrieved from a questionnaire that was adapted from a previously validated questionnaire (21). Before the questionnaire was administered to our target population, it was discussed by a focus group composed of medical doctors and other healthcare workers to evaluate its comprehensibility and intelligibility. The questionnaire is available in Supplementary materials. Study variables included the following socio-demographic characteristics: age, sex (male or female), years of enrollment, and smoking habits (smoker, non-smoker, or former smoker); there was an additional question regarding HPV vaccination status and healthcare-related and organization factors possibly associated with vaccination status (city of residence, having received an invitation to undergo vaccination, and gynecological visits). Attitude was measured using 17 questions, which presented five potential answers (coded as follows: 1 = completely disagree, 5 = completely agree). The average score was obtained by averaging the score of each question. Knowledge was measured using 23 questions, and the possible answers were true or false (coded as follows: 1 for the correct answer or 0). The average score was obtained as a percentage of correct answers, ranging from 0 to 100. Those with missing data for at least three questions were excluded from the analysis. Sexuality information was collected, including the frequency of sexual intercourse over the last year and the use of sexual protection.



Statistical analyses

Study population characteristics were analyzed using descriptive statistics, as appropriate. Analyses were performed for the entire study population but were also restricted to female students and the sexually active population. Multivariable logistic regression models were employed to identify factors associated with HPV uptake, whereas factors associated with knowledge were explored through multivariable linear regression models and factors associated with attitude were analyzed using multinomial logistic regression models. Models were controlled for sex, age, year of enrollment, smoking habits, province of residence, receipt of an invitation to undergo vaccination (HPV invitation), number of sexual partners over the last year, an ob-gyn visit (only in the female sample), and the use of condoms (only in the sexually active sample). To better assess the contribution of each variable, multiple models were used (presented in Supplementary materials) that progressively adjusted for socio-demographic characteristics (Model I), healthcare-related and organization factors (Model II), and sexuality (Model III). To further explore the correlation of HPV vaccination uptake, we conducted a sensitivity analysis by further adjusting statistical models for knowledge and attitude. The results are presented as odds ratios (OR), regression coefficient (coef.), and 95% confidence intervals (95% CI), as appropriate, and were considered significant if the p-value was <0.05. Statistical analyses were performed using Stata MP 15.0 statistical software.




Results


Demographic characteristics

Over the study period, 882 questionnaires were completed. Demographic characteristics of the sample are presented in Table 1. Of the sample, 62.9% were female (ages ranged from 18 to 38 years; mean age was 21.6 ± 2.6). More than a third of the sample (34.8%) attended their first year of medical school and 18.6% and 20.9% were enrolled in the second and third years, respectively. Of the sample, 74.3% never smoked and 18.9% were current smokers. In terms of residence, 74.3% of the sample lived in the Naples province. HPV vaccination uptake was 55.5% in our study population, with uptake ranging from 78.5% for females to 16.5% for males.



TABLE 1 Characteristics of the study population.
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Main analysis

When considering the whole study population, we found that increasing age and male sex were associated with a 23 and 97% reduction in the likelihood of being vaccinated, respectively (age: OR 0.77, CI 0.68–0.88; male sex: OR 0.03, CI 0.02–0.05). Being a sixth-year student was associated with a 3.5-fold increase in the likelihood of HPV vaccination uptake compared with first-year students (OR 3.45, CI 1.24–9.57). Furthermore, receiving an invitation for vaccination was positively associated with vaccination uptake (OR 1.70, CI 1.09–2.65). These findings were consistent with models considering both sexually active individuals and females. In the latter, a positive association was also observed for fifth-year students (OR 4.45, CI 1.24–16.11) (Figure 1).

[image: Figure 1]

FIGURE 1
 Association between HPV vaccination and demographic characteristics, healthcare-related and organization factors, and sexuality. Multivariate logistic regressions were employed for the whole population (central column), female population (left column), and sexually active population (right column), including HPV vaccination as an outcome variable, and controlled for the following variables: age, gender, year of enrollment, smoking habits, province of residency, received an invitation to undergo vaccination (HPV invitation), number of sexual partners over the last year, obi-gyn visit (only in the female population), and the use of condoms (only in the sexually active population). Results are presented as odds ratios (OR) and 95% confidence intervals (95% CI).


When examining correlates with the percentage of knowledge, we observed significant negative associations with male sex and individuals with 2–5 sexual partners over the last year (respectively Coef: −1.29, CI −2.55 to −0.029 and − 2.23, CI −4.15 to −0.32). On the other hand, the year of enrollment displayed a positive likelihood of having a higher score (Coef: third: 4.86; fourth: 4.62; fifth: 8.50; sixth: 11.75; and for a further year: 7.51). The observed results, except for the number of sexual partners, were consistent for the female and sexually active populations (Table 2).



TABLE 2 Association between the knowledge percentage score and demographic characteristics, healthcare-related and organization factors, and sexuality.
[image: Table2]

The likelihood of having a higher attitude score was reduced by 62% for males (OR: 0.38, CI 0.29–0.50). Conversely, being in a higher year of enrollment had a positive correlation with the likelihood of having a higher score (OR: third: 1.87; fifth: 1.89; sixth: 2.16); these results were consistent when considering the female population, including the fourth year, and sexually active population, except for the fifth year. Only when considering the entire population, did former smokers (OR: 1.76) or individuals residing in the provinces of Avellino and Benevento (OR: 1.80) show an increased likelihood of having a higher attitude score (Table 3).



TABLE 3 Association between attitude score and demographic characteristics, healthcare-related and organization factors, and sexuality.
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Sensitivity analysis

In our sensitivity analysis of the whole population, males showed a 97% reduction in the likelihood to be vaccinated against HPV (OR: 0.03, 95% CI: 0.02–0.05). For former smokers, the reduction was 61% (OR: 0.39, CI 0.17–0.92) compared with non-smokers, and for those resident in the province of Caserta, the reduction was 55% (OR: 0.45, CI 0.22–0.90) compared with those resident in the province of Napoli. Furthermore, increasing age showed a negative association with HPV vaccination (OR: 0.75, 95% CI: 0.66–0.86). The likelihood of being vaccinated was higher for those in the fifth or sixth year of enrollment (OR: respectively 3.53, 95% CI: 1.20–10.38 and 4.81, 95% CI: 1.59–13.51) compared with first-year students. We found a negative association with the percentage of knowledge (OR: 0.95, CI 0.93–0.98) and a positive association with attitude score (OR: 6.79, CI 3.91–11.79) (Figure 1). However, receiving an invitation for HPV vaccination did not show a significant association, even though the p-value was 0.051. These results were confirmed in the different samples, except for former smokers in the female population and for the fifth year of enrollment and residing in the province of Caserta in the sexually active population. Instead, the positive association with HPV invitation was found only in the sexually active sample (OR: 1.97, CI 1.12–3.46) (Table 4).



TABLE 4 Sensitivity analysis: association between HPV vaccination and demographic characteristics, healthcare-related and organization factors, sexuality, knowledge percentage score, and attitude score.
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Discussion

This survey-based cross-sectional study evaluated socio-demographic characteristics, healthcare-related and organization factors and barriers, and sexuality associated with knowledge, attitude, and self-reported HPV vaccination uptake in 882 medical students at the largest university in Southern Italy, from March to June of 2023. More than 60% of our study population were females, 78.5% of whom were vaccinated against HPV, as compared with 16.5% of males. We consistently observed that male sex and increasing age were associated with a lower likelihood of being vaccinated against HPV, whereas we found an increase in the likelihood of being vaccinated as students progressed in their academic career. Overall, these associations were confirmed when considering knowledge and attitude towards HPV. Additionally, we found evidence that active outreach from healthcare institutions was associated with a higher likelihood of receiving HPV vaccination.

Sex was a strong correlate across all analyses. This result has been described previously in literature, and official data (22, 23) which have highlighted sex-related inequalities in the availability of the HPV vaccination within Health Systems. However, the provision of free vaccination was made available to females long before it was extended to males, and for females this was accompanied by a catch-up strategy integrated within cervical cancer screening programs (24). Furthermore, HPV is perceived, due to its relationship with to cervical cancer, as a “female-only problem” (25).

Increasing age was associated with a lower likelihood of being vaccinated against HPV, as with each additional year, there was a 23% drop in the probability of being vaccinated. This evidence is supported by previous studies carried out in similar settings (26). A possible explanation for this result is the interest in the health system’s free-of-charge offer from the youngest subgroup of our study population (27).

Senior year students were associated with HPV vaccination uptake in both the entire and female populations, whereas no differences were observed in those who were sexually active. When restricting analyses to female students only, this association was further strengthened, and there was also a trend in fifth-year students. This finding has been reported in previous studies conducted in similar settings (28, 29). Although in our study, senior students were less represented, as the study was focused on students attending the first three years, a possible explanation tfor these results is that a growing level of academic knowledge is associated with the highest uptake (30). No differences were found regarding smoking habit, and although this correlation has not been broadly studied previously, it is in line with previous research (31).

Receiving an invitation increased the probability of being vaccinated against HPV. This evidence enlightens the role of an active call-in determining HPV vaccination uptake, and although it has been suggested by previous documents (32, 33), its quantification in terms of a direct effect on vaccination uptake is a novelty in the literature. Furthermore, no difference was found in the province of residency. No other study assessed this correlation, although this homogeneity may be due to HPV-related policies implemented at a regional rather than local health authority level (34).

We conducted our analysis in the largest university in Southern Italy, which accounts for over 4,000 medical students (approximately 4% of the medical students in Italy) (35). Hence, our results are likely to be representative of similar settings in the country. Framing determinants of HPV vaccination in medical students has provided insight into a population that, although sexually active, can be considered, at the same time, at low risk of HPV vaccination hesitancy due to the higher medical knowledge and education attainment. This information is pivotal to understanding the impact of targeted knowledge and attitude intervention on vaccine uptake. Nonetheless, some caveats merit discussion. First, recalling vaccination status and modality, on average, 10 years after adolescence, may have been difficult. Second, our sample was mostly represented by students attending the first 3 years of medical school, although the sex proportion was broadly comparable across years. Third, 2% of the study population did not complete the questionnaire. However, the number is very low and unlikely to have influenced our findings. Fourth, assessing vaccination history was challenging, as the vaccination uptake can primarily be a parental decision despite the under-25 catch-up strategies implemented by the national health system (36). Fifth, a potential selection bias may have resulted in more interested individuals participating. Nonetheless, the sample size was representative of the student population. Finally, another limitation of our study is that all participants were medical students. Although it would have been interesting to compare our population with non-medical students, we decided to focus on this specific population to assess whether the coverage had effectively increased in groups that are considered at low risk to further improve the public health strategy. However, such a comparison may be addressed in future studies.


Policy

Medical students are an ideal population for identifying determinants of HPV vaccination uptake. A decrease in the rate of vaccination, exacerbated by the pandemic (37), may dramatically increase the incidence of HPV-related cancers, generating costs for the health system. Extending the free-of-charge offer for HPV vaccination to males is a cost-efficient measure for reducing the burden of cervical cancer (38); a tailored vaccination strategy targeted to the male population is mandatory to eradicate this infection. However, even in a population with high educational attainment and medical knowledge, we still found that HPV vaccination uptake was suboptimal, especially in men. Additionally, some age groups did not receive and were not eligible for a free-of-charge HPV vaccination (27), even though they were still considered at high risk due to other characteristics (e.g., sexual behavior). Therefore, additional public health interventions, including the extension of the recall strategy to men, need further implementation (39). In Italy, the new vaccination program “PNPV – 2023-25” in particular has extended the recall-free-of-charge offer (40); this implementation might further improve vaccination rates. However, the impact of the newly implemented national strategy cannot be evaluated yet. Furthermore, an effective and up-to-date communication strategy, using different and contemporary media, may impact strongly on the most resistant subgroups of the unvaccinated population (41). Finally, attitude and knowledge regarding HPV vaccination are strongly related to vaccination uptake (42, 43). Increasing awareness and knowledge in high-risk subgroups through tailored counseling strategies may raise vaccination rates (44).




Conclusion

In this study, we found that HPV vaccination in medical students at University “Federico II” of Naples is higher than in the general population but still suboptimal. Sex and increasing age are strong drivers of vaccination uptake. We confirmed that an active call strategy, an important organizational factor, is essential for improving vaccination uptake. Further studies addressing the impact of other organizational factors that might influence HPV vaccination uptake should be conducted to better tailor interventions.

Our findings support the need to improve public health strategies to strengthen communication strategies and increase awareness and knowledge regarding HPV vaccination, even in hard-to-reach groups. A comprehensive strategy, which might also include extending the free-of-charge offer, may increase HPV vaccination uptake as well as improve the knowledge of and attitude toward vaccination in general.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Ethical approval was granted by the University Hospital Ethics Committee (Prot. no. 0014525, 24th of March 2023). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

MS: Data curation, Formal analysis, Methodology, Writing – original draft. MM: Writing – original draft. FE: Writing – original draft. AL: Writing – original draft. GB: Writing – original draft. CR: Writing – original draft. MT: Writing – original draft, Writing – review & editing. RP: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1272630/full#supplementary-material



References

 1. Satterwhite, CL, Torrone, E, Meites, E, Dunne, EF, Mahajan, R, Ocfemia, MCB , et al. Sexually transmitted infections among US women and men. Sex Transm Dis. (2013) 40:187–93. doi: 10.1097/OLQ.0b013e318286bb53

 2. Chesson, HW, Dunne, EF, Hariri, S, and Markowitz, LE. The estimated lifetime probability of acquiring human papillomavirus in the United States. Sex Transm Dis. (2014) 41:660–4. doi: 10.1097/OLQ.0000000000000193 

 3. CDC – Centers for Disease Control and Prevention. HPV fact sheet. Available at: https://www.cdc.gov/std/hpv/stdfact-hpv.htm.

 4. Saraiya, M, Unger, ER, Thompson, TD, Lynch, CF, Hernandez, BY, Lyu, CW , et al. US assessment of HPV types in cancers: implications for current and 9-valent HPV vaccines. J Natl Cancer Inst. 107:djv086. Epub ahead of print June 2015. doi: 10.1093/jnci/djv086 

 5. Sammarco, ML, Ucciferri, C, Tamburro, M, Falasca, K, Ripabelli, G, and Vecchiet, J. High prevalence of human papillomavirus type 58 in HIV infected men who have sex with men: a preliminary report in Central Italy. J Med Virol. (2016) 88:911–4. doi: 10.1002/jmv.24406 

 6. Colpani, V, Soares Falcetta, F, Bacelo Bidinotto, A, Kops, NL, Falavigna, M, Serpa Hammes, L , et al. Prevalence of human papillomavirus (HPV) in Brazil: a systematic review and meta-analysis. PLoS One. (2020) 15:e0229154. doi: 10.1371/journal.pone.0229154 

 7. Oh, NL, Biddell, CB, Rhodes, BE, and Brewer, NT. Provider communication and HPV vaccine uptake: a meta-analysis and systematic review. Prev Med (Baltim). (2021) 148:106554. doi: 10.1016/j.ypmed.2021.106554 

 8. Bruni, L, Albero, G, Serrano, B, Mena, M, Collado, JJ, Gòmez, D , et al. Human papillomavirus and related diseases in Europe. Summary report 10 march 2023, Available at: www.hpvcentre.net (Accessed March 10, 2023).

 9. Institute for Health Metrics and Evaluation. Cervical cancer — Level 3 cause. Available at: https://www.healthdata.org/results/gbd_summaries/2019/cervical-cancer-level-3-cause.

 10. Global burden of disease (GBD). Available at: https://www.healthdata.org/research-analysis/gbd (Accessed October 20, 2023).

 11. Mennini, FS, Fabiano, G, Favato, G, Sciattella, P, Bonanni, P, Pinto, C , et al. Economic burden of HPV9-related diseases: a real-world cost analysis from Italy. Eur J Health Econ. (2019) 20:829–40. doi: 10.1007/s10198-019-01044-3 

 12. Schiffman, M, and Castle, PE. The promise of global cervical-cancer prevention. N Engl J Med. (2005) 353:2101–4. doi: 10.1056/NEJMp058171

 13. Bruni, L, Saura-Lázaro, A, Montoliu, A, Brotons, M, Alemany, L, Diallo, MS , et al. HPV vaccination introduction worldwide and WHO and UNICEF estimates of national HPV immunization coverage 2010–2019. Prev Med (Baltim). (2021) 144:106399. doi: 10.1016/j.ypmed.2020.106399 

 14. Conferenza permanente per i rapporti tra lo stato le regioni e le province autonome di Trento e Bolzano. Intesa, ai sensi dell’articolo 8, comma 6, della legge 5 giugno 2003, n. 131, tra il Governo, le regioni e le province autonome di Trento e Bolzano sul documento recante «Piano nazionale prevenzione vaccinale 2017–2019». (Rep. atti n. 10/CSR). (17A01195). G.U. Serie Generale, n. 41 del 18 febbraio 2017.

 15. Ministero della Salute, Direzione generale della prevenzione sanitaria. Vaccinazioni dell’età pediatrica e dell’adolescenza – Coperture vaccinali (2021). Available at: https://www.salute.gov.it/portale/documentazione/p6_2_8_3_1.jsp?lingua=italiano&id=20.

 16. Peterson, CE, Silva, A, Holt, HK, Balanean, A, Goben, AH, and Dykens, JA. Barriers and facilitators to HPV vaccine uptake among US rural populations: a scoping review. Cancer Causes Control. (2020) 31:801–14. doi: 10.1007/s10552-020-01323-y 

 17. Roberts, ME, Gerrard, M, Reimer, R, and Gibbons, FX. Mother-daughter communication and human papillomavirus vaccine uptake by college students. Pediatrics. (2010) 125:982–9. doi: 10.1542/peds.2009-2888 

 18. Caskey, R, Lindau, ST, and Alexander, GC. Knowledge and early adoption of the HPV vaccine among girls and young women: results of a National Survey. J Adolesc Health. (2009) 45:453–62. doi: 10.1016/j.jadohealth.2009.04.021

 19. Licht, AS, Murphy, JM, Hyland, AJ, Fix, BV, Hawk, LW, and Mahoney, MC. Is use of the human papillomavirus vaccine among female college students related to human papillomavirus knowledge and risk perception? Sex Transm Infect. (2010) 86:74–8. doi: 10.1136/sti.2009.037705 

 20. Rosenthal, SL, Weiss, TW, Zimet, GD, Ma, L, Good, MB, and Vichnin, MD. Predictors of HPV vaccine uptake among women aged 19–26: importance of a physician’s recommendation. Vaccine. (2011) 29:890–5. doi: 10.1016/j.vaccine.2009.12.063 

 21. Istituto Superiore di Sanità. Rapporti ISTISAN 19/3. (2018).

 22. Grandahl, M, and Nevéus, T. Barriers towards HPV vaccinations for boys and young men: a narrative review. Viruses. (2021) 13:1644. doi: 10.3390/v13081644 

 23. World Health Organization. HPV vaccination brings the WHO European region closer to a cervical cancer-free future. Available at: https://www.who.int/europe/news/item/29-04-2022-hpv-vaccination-brings-the-who-european-region-closer-to-a-cervical-cancer-free-future.

 24. Ministero della Salute, DIREZIONE GENERALE DELLA PREVENZIONE SANITARIA, Ufficio 5 – Prevenzione delle Malattie Trasmissibili e profilassi internazionale. Coperture vaccinali al 31/12/2017 per HPV. Available at: https://www.salute.gov.it/imgs/C_17_tavole_27_allegati_iitemAllegati_0_fileAllegati_itemFile_1_file.pdf.

 25. Daley, EM, Vamos, CA, Thompson, EL, Zimet, GD, Rosberger, Z, Merrell, L , et al. The feminization of HPV: how science, politics, economics and gender norms shaped U.S HPV vaccine implementation. Papillomavirus Res. (2017) 3:142–8. doi: 10.1016/j.pvr.2017.04.004 

 26. Mascaro, V, Pileggi, C, Currà, A, Bianco, A, and Pavia, M. HPV vaccination coverage and willingness to be vaccinated among 18–30 year-old students in Italy. Vaccine. (2019) 37:3310–6. doi: 10.1016/j.vaccine.2019.04.081 

 27. Ministero della Salute. Italian Ministry of Health. Piano Nazionale Prevenzione Vaccinale (PNPV) 2017-2019 - Italian National Vaccination Prevention Plan (PNPV) 2017-2019. (2017). Available at: https://www.salute.gov.it/imgs/C_17_pubblicazioni_2571_allegato.pdf (Accessed November 6, 2023).

 28. Banaszkiewicz, A, Talarek, E, and Śliwka, J. Awareness of influenza and attitude toward influenza vaccination among medical students. Adv Exp Med Biol. (2016) 934:83–88.

 29. Rostkowska, OM, Peters, A, Montvidas, J, Magdas, TM, Rensen, L, Zgliczyński, WS , et al. Attitudes and knowledge of European medical students and early graduates about vaccination and self-reported vaccination coverage—multinational cross-sectional survey. Int J Environ Res Public Health. (2021) 18:3595. doi: 10.3390/ijerph18073595 

 30. Commission E, Health D-G, Safety F. State of vaccine confidence in the EU + UK: A report for the European Commission. Publications Office of the European Union (2020) Epub ahead of print 2020.

 31. Cocchio, S, Bertoncello, C, Baldovin, T, Fonzo, M, Bennici, SE, Buja, A , et al. Awareness of HPV and drivers of HPV vaccine uptake among university students: a quantitative, cross-sectional study. Health Soc Care Community. (2020) 28:1514–24. doi: 10.1111/hsc.12974 

 32. Human papillomavirus vaccines. WHO position paper, may 2017–recommendations. Vaccine. (2017) 35:5753–5. doi: 10.1016/j.vaccine.2017.05.069

 33. SIP, SITI, FIMP Calendario vaccinale per la vita (4° Edizione 2019). Available at: http://www.igienistionline.it/docs/2019/21cvplv.pdf.

 34. Ferre, F, de Belvis, AG, Valerio, L, Longhi, S, Lazzari, A, Fattore, G , et al. Italy: health system review. Health Syst Transit. (2014) 16:1–168.

 35. TrueNumb3rs. Test medicina, non ci sono mai stati così tanti posti. Available at: https://www.truenumbers.it/test-medicina.

 36. Krawczyk, A, Knäuper, B, Gilca, V, Dubé, E, Perez, S, Joyal-Desmarais, K , et al. Parents’ decision-making about the human papillomavirus vaccine for their daughters: I. Quantitative results. Hum Vaccin Immunother. (2015) 11:322–9. doi: 10.1080/21645515.2014.1004030 

 37. Immunization, vaccines and biologicals, Available at: https://www.who.int/data/gho/data/themes/immunization (Accessed 19 June 2023).

 38. Health Information and Quality Authority. Health technology assessment (HTA) of extending the national immunisation schedule to include HPV vaccination of boys. 4 December 2018.

 39. Ministero della Salute – Direzione Generale della Prevenzione Sanitaria. Piano Nazionale della Prevenzione 2020–2025. Available at: https://www.salute.gov.it/portale/news/p3_2_1_1_1.jsp?id=5029&menu=notizie.

 40. Piano nazionale di prevenzione vaccinale (PNPV) 2023–2025, Available at: https://www.epicentro.iss.it/vaccini/piano-nazionale-vaccini-2023-2025 (Accessed October 19, 2023).

 41. Gabutti, G, d’Anchera, E, de Motoli, F, Savio, M, and Stefanati, A. Human papilloma virus vaccination: focus on the Italian situation. Vaccines (Basel). (2021) 9:1374. doi: 10.3390/vaccines9121374 

 42. Anagnostou, PA, Aletras, VH, and Niakas, DA. Human papillomavirus knowledge and vaccine acceptability among adolescents in a Greek region. Public Health. (2017) 152:145–52. doi: 10.1016/j.puhe.2017.07.033 

 43. López, N, Garcés-Sánchez, M, Panizo, MB, de la Cueva, IS, Artés, MT, Ramos, B , et al. HPV knowledge and vaccine acceptance among European adolescents and their parents: a systematic literature review. Public Health Rev. (2020) 41:10. doi: 10.1186/s40985-020-00126-5 

 44. Barnard, M, George, P, Perryman, ML, and Wolff, LA. Human papillomavirus (HPV) vaccine knowledge, attitudes, and uptake in college students: implications from the precaution adoption process model. PLoS One. (2017) 12:e0182266. doi: 10.1371/journal.pone.0182266 



OPS/images/fpubh-11-1272630-t004.jpg
HPV vaccination Female population Whole population Sexually active population

Sensitivity analysis OR 95% (e} OR 95% (e} OR 95% (e}
Female (ref)
Sex
Male 0.030 0.018 0.050 0.027 0.015 0.049
Age 0.700 0.594 0.824 0754 0.660 0.862 0729 0.630 0.815
Ist (ref)
2nd 0978 0.452 217 1.206 0644 2259 0810 0380 1723
3rd 1350 0592 3.080 1089 0572 2072 0.865 0.409 1831
Year of
ath 2168 0.607 7.739 1814 061 4980 1650 0527 5.167
enrollment
Sth 5415 1337 21932 3523 1196 10,380 2853 0872 9334
6th 7.300 1756 30.350 4810 1586 14589 4017 1181 13.668
ORY. 5151 0964 27520 3304 0.808 13509 3368 0731 15514
No (ref)
Smokinghabits  Former-Smoker | 0.457 0.157 1328 0393 0.167 0925 0357 0144 0.884
Yes 0918 0.468 1,800 0.865 0.498 1501 0905 0.497 1647
Napoli (ref)
Avellino and
Brovinceof Benevento 4650 0.495 53721 2206 0809 6015 2749 0892 8471
residence Salerno 0471 0170 1303 0456 0.189 1100 0387 0129 1155
Caserta 0437 0192 0.991 0.449 0223 0.901 0626 0.268 1460
Other 0,690 0224 2126 2251 0788 6432 2120 0681 6570
No/Donftknow
HPV invitation (ref)
Yes 1732 0991 3.027 1607 0998 2586 1971 121 3464
0 (ref)
Nusbeofsoml | L10 0583 213 1202 0725 1992 0817 0309 2161
partners over the
25 1163 0.457 2959 0739 0372 1470 0501 0170 1475
last year
6+ 0.752 0059 9518 0,690 0.128 3723 0490 0074 3260

Gynecologistvisit | Nevr (ref)

Rarely 1.371 0.688 2731

Regularly 1422 0710 2849
Condom use No (ref)

Yes 1159 0573 2347
Attitude 9.655 4.828 19.309 6.790 3910 11.792 7.078 3.680 13.613
Knowledge 0947 0914 0.982 0952 0.927 0978 0953 0.924 0.984

Multivariate logistic regressions were employed for the whole population, female population, and sexually active population, including HPV vaccination as an outcome variable and controlled
for the following variables: age, gender, year of enrollment, smoking habits, province of residency, received an invitation to undergo vaccination (HPV invitation), number of sexual partners
over the last year, knowledge percentage score, attitude score, obi-gyn visit (only in the female population), and the use of condoms (only in the sexually active population). Results are
presented as odds ratios (OR) and 95% confidence intervals (95% CI). Bold values have been used to mark the statistically significant results.
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Multivariable linear regression models were employed for the whole population, female population, and sexually active population, including the knowledge percentage score as an outcome
variable and controlled for the following variables: age, gender, year of enrollment, smoking habits, province of residency, received an invitation to undergo vaccination (HPV invitation),
number of sexual partners over the lastyear, obi-gyn visit (only in the female population), and the use of condoms (only in the sexually active population). Results are presented as a regression
coefficient (Coef) and 95% confidence intervals (95% CI). Bold values have been used to mark the statistically significant results.
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Multinomial logistic regression models were employed for the whole population, female population, and sexually active population, including the attitude score as an outcome variable and
controlled for the following variables: age, gender, year of enrollment, smoking habits, province of residency, received an invitation to undergo vaccination (HPY invitation), number of sexual
partners over the last year, obi-gyn visit (only in the female population), and the use of condoms (only in the sexually active population). Results are presented as odds ratios (OR) and 95%
confidence intervals (95% CI). Bold values have been used to mark the statistically significant results.
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