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Introduction

Vaccination against HPV is safe and effective in cancer prevention, yet vaccination uptake remains low. Strong recommendation of HPV vaccination by healthcare providers increases immunization rates, but gaps in knowledge persist surrounding HPV and HPV vaccination amongst health professional students (HPS). It is critical to educate HPS in all professions to maximize vaccination opportunities and increase vaccine uptake. The objective of this study is to evaluate evidence on HPV knowledge, vaccine uptake, and educational interventions in HPS to identify specific deficits to improve education.



Methods

A systematic literature search for articles on HPV vaccine uptake, knowledge, and educational interventions in HPS was performed in PubMed, Embase, Web of Science, CINAHL, and Scopus from January 1, 2006 – July 21, 2021. Included studies assessed HPS for HPV vaccine uptake, knowledge, counseling comfort, or educational interventions to increase HPV vaccine knowledge. Studies were screened for inclusion by 2 independent reviewers and evaluated for risk of bias. PRISMA guidelines for reporting were followed.



Results

Twenty-one unique articles met inclusion criteria and were included in the analysis. Of the studies included, 20 included knowledge, 11 included vaccine uptake, 8 included interventions, and 12 included counseling comfort. The students in the studies included medical (n=14), dental (n=7), dental hygiene (n=6), nursing (n=3), physician assistant (n=2), public health (n=1), and pharmacy (n=1). Across studies, HPV vaccine series initiation ranged from 34.6-70.3%, with 28.3-58.3% up to date on vaccination. Most students knew that HPV causes cervical cancer (99%), but fewer knew that HPV causes head and neck cancer (40-47%) and oropharyngeal cancer (45%). Educational interventions included team-based approaches and lectures, and improved outcomes including vaccine knowledge, vaccination schedule, and cancer knowledge. Medical students with lower knowledge of HPV were more hesitant to recommend vaccination at baseline but were more likely to recommend vaccination after an education session.



Discussion

Across HPS, inadequacies persist in HPV vaccine uptake, knowledge, and counseling comfort. It is critical to target vaccine uptake in this population and improve existing educational efforts to reduce preventable cancers. Institutions must prioritize HPV vaccine education to impact HPV related death.
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Introduction

In the US approximately 36,500 preventable cancers attributed to HPV are diagnosed yearly (1). Worldwide, 690,000 cases of cancers attributed to HPV are diagnosed each year (2). The most common HPV related cancer in women is cervical cancer, and in men is oropharyngeal cancer (3). While the incidence of cervical cancer has decreased over the past 15 years, there has been a significant increase in incidence rates of oropharyngeal, anal/rectal, and vulvar cancers (4).

HPV vaccination, first approved by the FDA in 2006 (5), is a safe and effective method to prevent HPV related cancers, and has substantially reduced the risk of invasive cervical cancer (6). The advisory council on immunization practices recommends routine HPV vaccination between ages 9-12, and catch up vaccination up to age 26 (7). For adults age 27-45, shared decision making is recommended to determine if a patient would benefit due to an elevated risk of HPV (7).

Unfortunately, the nation fell well below the Healthy People 2020 goal to achieve a HPV vaccination rate of 80%, with only 53% of females and 46% of males between 13-17 years up to date on HPV vaccination (8, 9). HPV vaccination is paramount to cancer prevention strategies. However, despite evidence of HPV vaccine safety, the rate of those citing safety concerns as the reason to not initiate the HPV vaccine series has increased 79.8% between 2015 and 2018 even though the rate of adverse events reported decreased to 29.4% in the same period (10). While evidence shows that the HPV vaccine is safe, patients continue to decline vaccines for reasons not backed in evidence including a belief that HPV vaccines are only for girls, should not be initiated prior to sexual debut, and is only approved up to age 15 (11). Myths and misinformation surrounding the HPV vaccine have been prevalent and active debunking of these myths by healthcare providers is critical (12–14).

To increase HPV vaccination rates, education surrounding HPV vaccine must be improved for healthcare providers in all fields. HPV vaccines are the only cancer prevention vaccine currently available, and it is a responsibility of all healthcare providers to recommend the vaccine and utilize all opportunities to vaccinate patients. With an intensification in vaccine hesitancy, it is important to confidently ensure parents that HPV vaccination is safe (10). Strong recommendation for HPV vaccine by a healthcare provider has been positively associated with vaccine uptake (15). HPV vaccination can be obtained in a variety of settings beyond the doctor’s office including schools (nurses) (16), pharmacies (17–19), and dental offices (20, 21). Efforts to increase HPV vaccine uptake must be recognized as an interprofessional mission by empowering HPS in a variety of professions to become vaccine champions. However, low fund of knowledge contributes to lack of confidence in recommending HPV vaccination across professions (19, 22–26). Additionally, previous work has shown that HPS who are vaccinated against HPV are significantly more likely to recommend HPV vaccines to their patients (27).

HPS must receive comprehensive education on HPV and HPV vaccines while in the formal learning environment. While several single-institution studies have assessed HPV knowledge and performed associated educational interventions, the efficacy and merits of these interventions have not been weighed against one another. Previous systematic reviews have synthesized educational interventions surrounding HPV vaccines in practicing healthcare providers, but not in HPS (24). The objective of our study was to evaluate the uptake of HPV vaccines, current HPV vaccine education initiatives, and HPV vaccine knowledge deficits in HPS.


  

Methods


Search strategy

The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline was used as a framework to guide the design and reporting of our study (28). We performed a systematic literature search from January 1, 2006, to July 21, 2021, to identify studies using the following databases: PubMed, Embase, Scopus, Web of Science, CINAHL. Articles prior to 2006 were not included because the HPV vaccine was not available. A previous systematic review on HPV knowledge among providers was reviewed for search term ideas (24). The complete search strategy is reported in Table 1.


Table 1 | Literature search.



Following the completion of searches, all articles identified were exported into EndNote and duplicates were removed. Articles were then imported into Covidence. First, titles and abstracts were reviewed independently by two reviewers (ML, LF, MH). Next, full text articles were obtained and reviewed by two reviewers. Following this, articles were screened for risk of bias by two reviewers to assess methodologic quality. Disagreements between reviewers were resolved by the third reviewer. Finally, data extraction was performed in covidence by two reviewers. A third reviewer compared results of data extraction by both reviewers to compile the final data which was exported for analysis.

For this review, HPS were defined as students in health professions that prescribe or promote HPV vaccination in their practice including medicine, nursing, pharmacy, public health, dentistry, and physician assistant. In studies that included practicing providers with students, >50% of the participants had to be students for inclusion. Inclusion criteria were as follows: 1) Original articles published in a peer-reviewed English language journals including quantitative, experimental, qualitative, quasi-experimental and observational studies. 2) Students attending school in the US due to the heterogeneity of health professional education worldwide. 3) Articles published in 2006 or later. 4) Studies with an objective to evaluate HPV vaccine uptake in HPS, knowledge of HPV vaccines in HPS, an educational intervention to improve knowledge of HPV vaccines in HPS, and/or HPS comfort counseling about HPV vaccination. Comfort counseling was defined as self-reported increase in confidence in counseling patients and/or their parents about HPV vaccination. The exclusion criteria were as follows: 1) Articles without full text, commentaries, editorials, perspective pieces, conference abstracts. 2) Studies of practicing healthcare providers including residents, fellows, nurses, dentists, pharmacists, physician assistants. Residents and fellows were excluded to focus on students in undergraduate medical education. 3) Studies of undergraduate students who were not in differentiated professional degree programs such as nursing.



Data and analysis

The risk of bias was assessed with the Joanna Briggs Institute Tool for Cross Sectional Studies (29). The results of the risk of bias screening appear in Table 2. This tool encompasses inclusion criteria, whether the study subjects and setting were described in detail, exposure measurement in a valid and reliable way, confounding factors, strategies to deal with confounding factors, outcome measurement in a valid and reliable way, and appropriate use of statistics. Full text papers to be included were assessed for risk of bias by two independent reviewers by appraising the papers based on this criterion. Disagreements between reviewers were resolved by the third reviewer. All articles included in the study were reviewed based on this process.


Table 2 | Risk of Bias Evaluation (30).



Studies selected for inclusion had data extracted by two independent reviewers. The Template for Intervention Description and Replication (TIDiEr) checklist was used to develop the data collection for HPV knowledge interventions (44).




Results


Literature search

A full breakdown of the literature search appears in a PRISMA diagram (Figure 1). The initial search contained 6684 articles. 5206 duplicates were removed in EndNote. 1459 studies were screened by title and abstract, and 1372 studies were eliminated based on inclusion and exclusion criteria. Full-text review was performed for 83 articles. Sixty articles were excluded because the study did not take place in the US (n = 46), not a student population (n = 7), covered other vaccines (n = 3), did not have full text available (n = 2), duplicate (n = 1), not a health profession included in the study (n = 1), undergraduate students (n = 1), or measured the wrong outcome (n = 1). An additional 2 articles were excluded during data extraction.




Figure 1 | PRISMA diagram.



A total of 21 articles were included in the analysis (Table 3) (20, 22, 25–27, 30–43, 45, 46). Of the studies included, 20 included knowledge data, 11 included vaccine uptake, 8 included interventions, and 12 included counseling comfort. The students in the studies included medical (n=14), dental (n=7), dental hygiene (n=6), nursing (n=3), physician assistant (n=2), public health (n=1), and pharmacy (n=1). Most participants across all studies that reported gender were female (56.3%).


Table 3 | Demographics.






Vaccine uptake

Table 4 summarizes the vaccine uptake of participants in all studies that included this measure. Most participants were under age 30, and therefore eligible for HPV vaccination during childhood. Across studies, the rate of reported HPV vaccine series initiation ranged from 34.6% to 70.3%, and the rate of those up to date on HPV vaccination ranged from 28.3% to 58.3%. Multiple studies noted that highest rate of vaccine uptake was in participants under age 25 (27, 31, 46). In studies that reported vaccination rate by gender, female students were more likely to be vaccinated (27, 31, 46). Provider recommendation also influenced the decision to get the HPV vaccine in multiple studies (38, 47).


Table 4 | Vaccine uptake.





Knowledge

Table 5 describes the level of HPV knowledge among HPS. Knowledge gaps surrounding the link between HPV and head and neck cancers were most notable. Laitman et al. reported in two studies that 99% (611/617) and 99.4% (2033/2046) of medical students correctly identified HPV infection as a cause of cervical cancer, but only 47.2% (291/617) and 40.3% (825/2046) correctly connected HPV with head and neck cancers (25, 33). Medical, physician assistant and public health students demonstrated a similar knowledge gap regarding HPV and oropharyngeal cancers. Evans et al. found that only 45% (90/200) of medical students knew that HPV could cause oropharyngeal cancer (39). Overall, dental and dental hygiene students had greater understanding of the link between HPV and oropharyngeal cancer, ranging from 97.3% to 70% (26, 37). However, Walker et al. found that only 5.1% (8/158) of dental, dental hygiene, and nursing students knew that HPV vaccines may be effective in protecting against HPV and related oropharyngeal cancer (40).


Table 5 | Knowledge.




HPS also demonstrated knowledge gaps in the vaccine dosing schedule. Berenson et al. found that only 25.1% (44/175) of medical students knew whether a patient should restart the vaccine series if their last dose was more than a year ago (27). Cotter et al. demonstrated that only 35.1% (13/37) and 37.8% (14/37) of dental hygiene students identified the correct number of doses for those under age 15 and those at or over age 15 respectively (37). Berenson et al. found that only 31.3% (80/256) of medical students knew the CDC recommended schedule of follow up doses for those 15 years or older (41).

The majority of students in each study knew that the HPV vaccine is safe, though there was a wide range between 75% (751/1002) and 99% (198/200) of HPS with this knowledge (34, 39).



Educational interventions

Table 6 summarizes the key findings of the studies regarding educational interventions. Most interventions combined lectures and group activities. Topics covered included HPV virology, HPV-related cancers, epidemiology, vaccines, and comfort counseling. All studies reported improved knowledge following educational interventions (36, 37, 39, 41, 42, 46).


Table 6 | Interventions.



Wiley et al. demonstrated that a team-based instructional module with video simulations and clinical vignettes improved HPV and vaccine knowledge among first year medical students (46). Students in the intervention group showed significant general knowledge improvement (from 58.4% to 85.3% P<.001) and vaccine-related knowledge (from 78.8% to 91.7% P<.001). In another study by Schnaith et al. (2018), the intervention consisted of a lecture, video and role-play simulation (36). The intervention increased awareness of the benefits of the HPV vaccine by 0.82 points on a Likert scale of 1-5.

In Berenson et al. (2015), a brief lecture presentation discussing HPV and vaccination for healthcare workers significantly improved HPV knowledge (42). Medical students participating in a 12 lecture series covering HPV and vaccination in Berenson et al., 2020 demonstrated significant improvement in knowledge and comfort counseling patients regarding HPV vaccination (41). In Berenson et al. (2021), a similar intervention was presented to nursing students covering dosing schedules, efficacy and safety of the vaccine with similar improvement in knowledge scores (43).

In Evans et al. (2020), first- and second-year medical students attended a 1.5-hour HPV vaccine workshop covering HPV and strategies to address vaccine hesitancy (39). After the workshop, students demonstrated improved scores in the area of HPV-related malignancies (mean improved from 3.53 to 4.67), transmission (3.05 to 3.87), symptoms (1.76 to 2.63), and vaccination schedule (1.21 to 1.68).

In Cotter et al. (2020), an educational intervention for dental hygiene students consisted of a one-hour educational module covering the prevalence of HPV, HPV oropharyngeal cancers, HPV vaccination and information on counseling techniques (37). Following the intervention, the mean score on the knowledge test increased from 8.75 to 13.32 (scale 0-15).

These results demonstrate that a variety of effective educational strategies for improving knowledge about HPV and HPV vaccination. While elaborate interventions such as the team-based learning modules outlined in Wiley et al. (2018) and the three-part educational curriculum created in Schnaith et al. (2019) are effective, simpler models such as the one-hour educational module discussed in Cotter et al. (2019) and the 1.5 hour workshop in Evans et al. (2020) can be effective, and may be easier for institutions to implement (31, 32, 36, 37, 39, 46–48).



Counseling comfort

Table 7 summarizes the key findings regarding HPS comfort recommending and discussing the HPV vaccine. Among medical students, Berenson et al. found that more vaccinated (85/93 91.4%) than unvaccinated (101/122 82.8%) students agreed that they were comfortable discussing the benefits and risk of HPV vaccination (27). However, Wiley et al. found no difference in willingness to recommend the vaccine between vaccinated and unvaccinated students (46).


Table 7 | Counseling comfort.




Wiley et al. found that medical students who were hesitant or ambivalent about recommending the HPV vaccine scored lower on the total HPV knowledge assessment (p=.026) and general HPV knowledge assessment (p=.03) compared to students who were likely to recommend vaccination (46). Similarly, Daniel et al. found that students further along in medical school demonstrated more positive attitudes toward HPV vaccination (p=.0003) (45).

Each study of medical students that included an educational intervention showed improvement in their ability to counsel others regarding HPV vaccination. Wiley et al. reported that 100% of students agreed that they would recommend the vaccine as a provider after a week-long team-based learning exercise (46). Schnaith et al. found an increase in students’ comfort conversing with HPV vaccine-hesitant parents/patients after an educational HPV curriculum (36). Berenson et al. reported significant increases in medical students’ comfort counseling parents and eligible men and women about the vaccine following HPV lectures (41). A significant increase in counseling comfort occurred among students who had not received the HPV vaccine. In another study, Berenson et al. demonstrated that medical and nursing students were significantly more comfortable educating vaccine-hesitant patients post-intervention (43). Generally, the studies found more hesitancy within vaccine counseling from non-medical HPS than medical students. Kepka et al. found that dental and dental hygiene students did not perceive that it was the role of an oral health professional to recommend or administer the HPV vaccine (32).

Studies among dental and dental hygiene students found that educational interventions improved comfort surrounding administering and discussing HPV vaccines. Guadiana et al. found that dental and dental hygiene students who were more confident in their ability to discuss HPV were more likely to be willing to administer the vaccine (OR 1.30, 95% CI 1.04–1.61) (20). Additionally, a one-point increase in the belief that the vaccine enhances patients’ health increased the students’ willingness to administer the vaccine (OR 1.48, 95% CI 1.21–1.81). Cotter et al. found that after an interactive online training module, dental hygiene students increased their confidence providing HPV vaccination counseling to patients (p =.033).




Discussion

An estimated 79 million people in the United States are infected with HPV, and in individuals not able to clear the virus, leads to cancer. Despite significant data demonstrating HPV vaccination efficacy, vaccination rates remain stagnant; and HPV related oropharyngeal and anal/rectal cancers are on the rise, particularly among men (49). Our study systematically examines HPV vaccine uptake, knowledge, counseling comfort and interventions to increase HPV knowledge among HPS, the next generation of healthcare providers.

The rates of HPV vaccine series initiation across studies ranged from 34.6% to 70.3%, and the rate of those up to date on HPV vaccination ranged from 28.3% to 58.3% (27, 31, 46). Rates of vaccination were the highest among those under 25, and female (27, 31, 46). Moreover, provider recommendation of the vaccine influenced the decision to get vaccinated in multiple studies – emphasizing why educating students as the next generation of providers is so critical (38, 47). In order to achieve the goals of Healthy People 2030 and the World Health Organization (WHO) goal to eradicate cervical cancer by 2030, increasing the vaccination rate to 90% is essential (48). A strong healthcare workforce of HPV vaccine advocates is critical to this mission.

While students consistently displayed awareness that HPV causes cervical cancer (99%), many lacked knowledge of the ability of HPV to cause other cancers including head and neck cancer (40-47%) and oropharyngeal cancer (45%) (33, 40). Most students did know that HPV vaccination is safe (75-99%) (34, 39). Other knowledge gaps about HPV vaccination included dosing schedules, age ranges, boys needing vaccination, and whether to initiate the vaccine series prior to sexual activity. However, while rates of cervical cancer have decreased from improved screening and HPV vaccination, the US still lags behind other developed nations in their progress towards cervical cancer eradication (50).

Educational interventions varied in format but were consistently effective in increasing knowledge of HPV. One team-based instruction module significantly increased general HPV knowledge, HPV vaccine related knowledge, and likelihood of vaccine recommendation (46). A different workshop, which also covered vaccine hesitancy, significantly improved knowledge of HPV related cancers, symptoms, and vaccine dosing schedules (37). While many of the interventions were time intensive, the shorter interventions also increased knowledge. Finding a balance between length of intervention necessary to provide sufficient education but remain feasible to implement amongst the many topics covered in a medical education is essential.

Additionally, comfort counseling patients about HPV vaccination was low – but increased following specific interventions targeting this objective. Students across studies cited similar barriers to HPV vaccine uptake to their patients including parental decline of the vaccine, not being recommended the vaccine by a healthcare provider (27, 38, 45). Moreover, previous studies have shown that students who were vaccinated against HPV were more likely to recommend vaccination, especially to adolescents (27). Following educational interventions, more students felt comfortable recommending HPV vaccination. It is critical to target efforts to increase vaccination rates amongst students in the health professions. This should include availability of the HPV vaccine at school sponsored health services and ensuring that providers at these sites are educated about the importance of HPV vaccination. Additionally, since most health professional schools require flu vaccination for students each year, schools should consider offering HPV vaccination alongside flu vaccinations. HPV vaccination prevents not only HPV related cancers but also pre-invasive disease such as cervical dysplasia, which in women of reproductive age, can be quite devastating.

Limitations of this analysis include that most are single institutional studies and are thus subject to any bias resulting from the studies themselves. The risk of bias has been minimized through screening prior to inclusion. Additionally, it is of note that there are multiple studies from the same authors because there are investigators who have conducted multiple studies in this area.

Future studies should focus on ways to target vaccine uptake in HPS and expand upon existing knowledge interventions to implement better education on a broader scale. This education should utilize an interprofessional approach is vital to expanding the number of knowledgeable professionals counseling and offering HPV vaccination to prevent HPV-related cancers. The papers reviewed in this analysis demonstrated that various educational modalities of different lengths effectively increase knowledge of HPV and HPV vaccination. Further studies should focus on educational methods to help determine optimal approaches by objective measures such as a significant increase in HPV vaccination. Ultimately, we must take active efforts to improve the quality of education provided. Taking these steps to enhance HPS education is critical to lowering the number of missed opportunities for HPV vaccination in a variety of healthcare settings.



Conclusion

Across HPS, major gaps persist in HPV vaccine uptake, knowledge, and counseling comfort. It is critical to target vaccine uptake in this population, including ensuring availability of vaccination for students. Educational institutions must make education about the HPV vaccine a priority in both preclinical and clinical curriculums. This study highlights the need for interventions to improve HPV vaccination uptake and education on HPV in HPS to train healthcare professionals that strongly recommend HPV vaccination to prevent cancer.
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patients was 3.2 on aveage. (5point Likert scale)

Dental hygiene students’ confidence recommending HPV vaccine to sl

patintsincrcased by 0.5 on aversge. (-point Likert sale)

Denal hygiene students’ confidence recommending HPY vaceine 1o

parents increasd by 046 on aversge. (5point Likert scle)

« Incresing confidence discussing HPV by one
point (5-point scle) inreased the odds of
willingnes to dminiser the vacene by afactor of
130 (95% C1, L04-161).

« A one-paint ncreas i the belefthat the
vaccine enhances patents’ health increased odds o
willingnes to sdminiser the vacine by a factor of
148 (95%

« $42% (133/159) students flt it vas within their
scope of pracic o advise about vaceination for
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+79.1% (125/159) students flt it vas
scope of pracic o advise about viceination for
ll human papillomvirs cancers.
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HPV related cancers (correctly identified whether

HPY causes this cancer)

Aral Cancer: 4731617 (767)Genial Cancer: 468/617 (759Head

and Neck Cancer: 91617 (17.2)Esophagel cancer: 3400617 (55.1)

Cances that are not cenvcl cancer: 1051214 (49)

Oropharynges cancer 286/306 (93.35)

Head and neck cancer: 82512016 (10.3)Esophagesl cancer: 885/
2046 (333)

Prostate cance: 8531002 (85.)
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oropharyngel cancer: 289380 (76.1)

- HPY vaceines can protet men and women against HPY rested

anal cancer: 097380 (55.0)
- HPY can cause oopharyngeal cancer: 2891380 (760)

Al cance. Pre-est: 2137 (563): Post
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Additional results

Fener stdents kness that P could lead to recurren
respiratory papilomatossor hesd and neck cancer
than knew it can lad to cervical cancer

44 Q1% did not Kknow that the vaccine was
recommended fr girks and boys.

Fully vaceinaed  particpans scored beter i
Knowledge items than non-acinated partcipants.
Femle participants scored bettr than mlcs

Genital warts are caused by the same HPV typs tha
cause cervial cancer: 1761228 (77.2)

First yeor medicl students in the interventon
popultion scored signiicantly higher than graduating
snions acros he state i vacine Knwledge iterventon
roup = 919%,satewide = $18% P 001).

Women (n = 673) scored igher than men (n = 328
on the total Knowledge test (76% vs 68%) First year
sudents had lower Knowledge scoresthan second year
sdents (70.7% vs 75%)

Students scored bt than faculy regarding genei
Knowledge (p = 0019) but ot regrding vaceine.
rlsed knowledge
Clinical students had higher generl knowledge score
than cithr precincl aculy o students

inical stadents had higher general knowledge score
than dlinicl ey

Ml particpants, particpants who were 30 years and
older, paricpants whose program was in Tennesse,
and participants whose program was in a conservative
egion of the U, had lower proportions of students
with adequate HPY vaccinston knowledge.

HPV couses cancer, Preetest 3437 (919) Posttest
7137 (100)

Students improved thee toial HPV-related knowledge
score ate the inervention from 66.3% o 86.3%,
Students improved their  general  HPV.-related
Knowledge score from 58.4% 0 83.2% afe the

Knowledge check Pre and Post-Test of just MS1 and
AMS2 sudents (120 students): Wht cancers can be
coused by HPV?Average Pre-Test: 3.39/5Average Post-
Tes 46715





