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Abstract
Persistent human papillomavirus (HPV) infection is responsible for the majority of oropharyngeal and cervical cancers in 
the USA. Currently, HPV curricula within medical and dental schools are not standardized. As such, we implemented a brief 
online educational intervention to increase medical and dental trainees’ knowledge of the HPV vaccine and the association 
between HPV and cancer. The objectives of this study were to (1) assess medical and dental trainees’ baseline knowledge 
regarding HPV and HPV vaccine, (2) determine the willingness to recommend the HPV vaccine to patients, and (3) evalu-
ate the impact of an online intervention on HPV-related knowledge. Medical and dental trainees from two large academic 
centers in the USA were asked to fill out an online pre-intervention questionnaire, followed by a 10-min HPV educational 
intervention based on the Center of Disease Control and Prevention (CDC) resources, and then a post-intervention question-
naire. There were 75 participants (67.4% females; median age 18–30 years). When asked about HPV-related cancer types, 
the correct response increased from 28.4% (pre-intervention) to 51.9% (post-intervention; p < 0.01). When asked about the 
prevalence of HPV infections, the correct response improved from 36 to 72% (p < 0.01). There was also a 25.2% improvement 
in identifying the correct HPV vaccination dosing schedule (p < 0.01). Eighty-seven percent of the participants mentioned 
that the online education improved their HPV knowledge, and 68.5% reported that they were more likely to recommend HPV 
vaccine after the online intervention. The proposed online educational intervention was effective at improving HPV-related 
cancer and HPV vaccine knowledge as well as attitudes towards vaccine recommendation among dental and medical trainees 
and could be implemented in medical and dental school curricula in the future.
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Introduction

Human papillomavirus (HPV) is the most common sexu-
ally transmitted infection in the world [1]. Infection with 
high-risk HPV (HRHPV) subtypes is associated with 
cervical, vaginal, vulvar, penile, anal, and oropharyngeal 
cancers [2, 3]. In the USA, HPV associated oropharyn-
geal cancer rates have now surpassed the rates of cervical 
cancer, with an annual incidence of 14,400 cases for oro-
pharyngeal cancer [4].

The 9-valent HPV vaccine (Gardasil 9, 9vHPV; Merck, 
VA) protects against 9 HPV subtypes and has been shown 
to prevent most HPV associated cancers [5]. Despite the 
recommendations endorsed by the Advisory Committee on 
Immunization Practices (ACIP), the HPV vaccine uptake 
in the USA remains lower than the Healthy People 2030 
proposed goal of 80% [6]. Only 48% of adolescents aged 
13 through 15 years in the USA received recommended 
doses of the HPV vaccine by 2018 [6].

Studies have shown that a healthcare provider’s rec-
ommendation is the number one factor influencing HPV 
vaccination uptake [7]. Healthcare providers with higher 
knowledge of HPV are more likely to recommend the vac-
cine [8]. However, both medical and dental providers have 
an overall poor baseline knowledge on HPV and the HPV 
vaccine [9, 10]. As such, we decided to investigate the 
overall knowledge on HPV of medical and dental train-
ees from two institutions in the USA. We hypothesized 
that a brief online education intervention would improve 
medical and dental trainees’ baseline HPV knowledge and, 
therefore, increase the likelihood of them recommending 
HPV vaccines to their patients in the future. In addition, 
given the age of trainees, they might also be more likely 
to undergo vaccination themselves, based on what they 
learned, and this might further increase the likelihood of 
recommending vaccination in the future. The aim of this 
pilot study was to (1) assess medical and dental trainees’ 
baseline knowledge regarding HPV and HPV vaccine, (2) 
determine the willingness to recommend the HPV vac-
cine to patients, and (3) evaluate the impact of an online 
intervention on HPV-related knowledge.

Methods

Questionnaires and Online Educational Intervention

We developed an online interactive educational module, 
using online flashcards based on the pre-existing CDC 
resources on the HPV and HPV vaccine. The topics on 
each flashcard ranged from HPV-related cancer knowledge 

to HPV vaccine recommendation and scheduling (see 
Appendix 1). The flashcards were designed to provide 
necessary information for medical and dental trainees to 
understand the prevalence and burden of HPV infection 
and also the safety and effectiveness of the HPV vaccine. 
The online education module also included a brief video 
from the CDC on how to recommend the HPV vaccine to 
patients.

Pre-intervention and post-intervention questionnaires 
were administered to each participant. The pre-test questions 
assessed participants’ baseline knowledge of HPV-related 
topics and assess participants’ willingness to recommend the 
HPV vaccine. Following the intervention, participants com-
pleted post-test questions. These questions again assessed 
the HPV-related knowledge as well as willingness to recom-
mend the vaccine.

Subjects

Eligible medical and dental trainees from University of Cali-
fornia, San Francisco, and Harvard School of Medicine and 
Dental Medicine were contacted via email. Actively enrolled 
medical and dental trainees from either institution who were 
18 years of age or older and able to give informed consent 
were eligible for the study. The email invitations for the 
study were sent from the programs’ administrators to their 
respective cohorts of dental and medical trainees. The study 
was approved by the International Review Board at each 
participating institution.

Study Protocol

The email detailed the study’s protocols including objec-
tives, goals, and consent. An attached link connected par-
ticipants to a secure Qualtrics survey. An informed consent 
was included and signed electronically on the first page of 
Qualtrics and was obtained from all individual participants 
included in this study. Online instructions guided partici-
pants through initial demographics questions (e.g., age, 
preferred gender, department). All responses collected 
were anonymous. The survey included a pre-intervention 
questionnaire, followed by an educational intervention as 
described above, and a post-intervention questionnaire. The 
total time to complete the online intervention and question-
naires was approximately 10 min. The survey was collected 
from 19th June 2021 to 18th December 2021.

Statistical Analysis

Descriptive statistics were used to summarize demographic 
data, pre-intervention, and post-intervention questionnaire 
responses. Difference in pre- and post-intervention question-
naire responses were assessed using the Pearson correlation 
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coefficient. P values were considered statistically significant 
at p < 0.05.

Results

Demographics

Seventy-four trainees participated and completed pre-
intervention questionnaire. Fifty-five (74.3%) were in the 
18–30 years age range and 52 (70.3%) identified as female 
(Table 1). Out of 74 participants, 58 (78.4%) were dental 
trainees, and 10 (13.5%) were medical trainees. Half of 
the participants (32/74; 43.2%) had received more than 1 
dose of HPV vaccine, while 9 (12.2%) had not received 
any HPV vaccines, and 9 (8.1%) did not know their HPV 
vaccination status. A total of 54 (73.0%) participants com-
pleted the pre-questionnaire, educational intervention, and 
post-questionnaire.

Questionnaire Results

When asked about HPV-related cancer types, 30.3% of 
participants answered correctly during the pre-intervention 
compared to 51.9% in the post-intervention survey (p < 0.01) 
(Table 2). When asked about the prevalence of HPV infec-
tions, there was a statistically significant increase in number 

of correct responses after the educational intervention (from 
36 to 72%; p < 0.01). However, when asked about who 
should receive the HPV vaccine, the online intervention 
did not seem to improve the knowledge this specific topic. 
Eleven out of 74 respondents (14.8%) answered correctly in 
the pre-intervention questionnaire, while only 5 out of 54 
(9.3%) answered correctly in the post intervention question-
naire (p < 0.01).

Forty-five of the 54 post-intervention responses (83.3%) 
correctly answered questions about the HPV vaccine sched-
ule, compared to 43/74 (58.1%) pre-intervention responses 
(p < 0.01). More than 90% of all cervical cancers diagno-
ses in the USA are associated with HRHPV infection [11]; 
15 of 74 (20.2%) answered this correctly in the pre-inter-
vention questionnaire compared to 27/54 (50.0%) in the 
post-intervention questionnaire (p < 0.01). Forty-nine of 74 
(66.2%) of the participants pre-intervention gave a correct 
response about HPV vaccine related adverse effects (“none 
of the above” in Table 2), while 45/54 (83.3%) of the par-
ticipants post-intervention answered correctly (p < 0.01). 
Nearly all participants in both pre-intervention (95.9%) and 
post-intervention (98.1%) questionnaires answered correctly 
when asked about the importance of continuing screening 
for cervical cancer after receiving the HPV vaccine. We 
found no differences in knowledge on HPV and HPV vac-
cination when the two institutions were considered and when 
dental and medical trainees were compared (data not shown; 
p > 0.05) (Table 3).

After the educational intervention, 47/54 (87.0%) of all 
participants strongly agreed that the online education mod-
ule improved their HPV knowledge (Table 3) . Thirty-seven 
of 54 (68.5%) strongly agreed that they were more likely to 
recommend HPV vaccine after the online education inter-
vention. Thirty of 38 (78.9%) strongly agreed that, if allowed 
by law for dentists, they would be willing to provide HPV 
vaccines to their patients in their clinics or practices.

Discussion

This study demonstrated that the proposed online HPV edu-
cational intervention improved HPV baseline knowledge and 
HPV vaccines attitudes among dental and medical trainees 
from two large US-based institutions. The pre-interven-
tion questionnaire responses indicated that the majority 
of medical and dental trainees were aware of the associa-
tion between persistent HRHPV infection and cervical and 
oropharyngeal cancers, but not with penile, anal, vulvar, or 
vaginal cancers. The pre-intervention responses also indi-
cated that most trainees underestimated the prevalence of 
HPV infection and were not familiar with the current CDC 
HPV vaccination schedule. This underlines the importance 
of including a specific HPV curriculum for both dental and 

Table 1   Demographic characteristics (N = 74)

Number (%)

Age range (years)
  18–30 55 (74.3)
  31–40 12 (16.2)
  Prefer not the answer 7 (9.5)

Gender identity
  Male 21 (28.4)
  Female 52 (70.3)
  Prefer not to answer 1 (1.3)

Medical profession
  Medical students and medical residents 10 (13.5)
  Dental students and dental residents 58 (78.4)
  Others 6 (8.1)

Number of years in training
  < 5 years 60 (81.1)
  5 to 10 years 11 (14.9)
  > 10 years 3 (4.0)

Human papillomavirus (HPV) vaccine received
  No 9 (12.2)
  1 dose 2 (2.7)
  More than 1 dose 32 (43.2)
  I do not know 6 (8.1)
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Table 2   Comparison of the participants’ responses between the pre intervention and post intervention questionnaire

Question N (%) of answers 
pre-Q

N (%) of answers 
post-Q

p value

Which of the following cancers may be caused by HPV?
  Cervical cancer 70 (94.6) 52 (96.3) 0.73
  Oropharyngeal cancer 59 (79.7) 51 (94.4) 0.03
  Breast cancer 0 (0.0) 1 (1.9)  < 0.01
  Liver cancer 4 (5.4) 5 (9.3) 0.04
  Penile cancer 33 (44.5) 46 (85.2) 0.23
  Anal cancer 40 (54.1) 46 (85.2)  < 0.01
  Vulvar cancer 32 (43.2) 42 (77.8) 0.21
  Vaginal cancer 38 (51.3) 49 (90.7) 0.16
  Answered all correctly 21 (28.4) 28 (51.9)  < 0.01

What percent of sexually active women and men are infected with HPV in the USA?
  Total participants (N) 74 54  < 0.01
  5% 5 (6.7) 0 (0.0)
  10% 13 (17.3) 3 (5.6)
  20% 29 (40.0) 12 (22.2)
  80%* 26 (36.0) 39 (72.0)

Who should receive the HPV vaccine?
  Total participants (N) 74 54
  Girls ages 9 to 12 years old 66 (89.2) 51 (94.4)  < 0.01
  Boys ages 9 to 12 years old 59 (79.7) 46 (85.2)  < 0.01
  Previously unvaccinated 30 year-old woman with cervical cancer 47 (63.5) 36 (66.7)  < 0.01
  Previously unvaccinated 25 year-old woman with an abnormal pap 42 (56.7) 24 (44.4)  < 0.01
  Answered all correctly 11 (14.8) 5 (9.3)  < 0.01

How is the HPV vaccine given?
  Total participants (N) 74 54  < 0.01
  3 doses at 0, 1–2, and 6 month intervals regardless of age 18 (24.3) 4 (7.4)
  2 doses at 0 and 6 to 12 months starting the series at 14 years and older 10 (13.5) 4 (7.4)
  2 doses given 6 months apart regardless of age 3 (4.1) 1 (1.9)
  2 doses given 6 to 12 months apart if vaccinated by 14 years of age. After age 15, 

3 doses at 0, 1–2, and 6 months interval*
43 (58.1) 45 (83.3)

What percent of cervical cancer is caused by HPV?
  Total participants (N) 74 54  < 0.01
  30% 19 (25.7) 7 (12.9)
  50% 18 (24.3) 9 (16.7)
  70% 22 (29.7) 11 (20.4)
  ≥ 90%* 15 (20.2) 27 (50.0)

Which of the following adverse event has been attributed to HPV vaccination?
  Total participants (N) 74 54  < 0.01
  Increased risk of blood clot 14 (18.9) 4 (7.4)
  Primary ovarian insufficiency 11 (14.9) 5 (9.3)
  Multiple sclerosis 0 (0.0) 0 (0.0)
  Stroke 0 (0.0) 0 (0.0)
  None of the above* 49 (66.2) 45 (83.3)

If an individual received the HPV vaccine, they still need to continue screening?
  Total participants (N) 74 54  < 0.01
  True* 71 (95.9) 53 (98.1)
  False 3 (4.1) 1 (1.9)
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medical trainees. As the care for patients with HPV-related 
illnesses and cancer required input from providers in differ-
ent fields of medicine and dentistry, it is imperative that all 
providers are familiar with the most up-to-date HPV cancer 
prevention practices.

Similar to our study, Wright et al. identified an important 
knowledge gap in baseline HPV understanding among dental 
students across all 4 years at an accredited US dental school 
[12]. Laitman et al. also reported an educational gap in HPV 
knowledge among medical students and found that only 50% 
of medical students surveyed from 10 medical schools in 
New York State knew about the association of HPV and 
head and neck cancers [13]. This further demonstrates poor 
baseline knowledge among trainees.

HPV vaccine recommendations by healthcare provid-
ers have shown to be the best predictor of vaccination [7]. 
Therefore, efforts should be directed to improving HPV 
and HPV vaccine knowledge, not just among healthcare 
providers already in medical and dental practices, but 
also healthcare trainees. Our results showed that with an 
increase in HPV baseline knowledge, both medical and 
dental trainees were more receptive to recommending 
HPV vaccines to their patients. Another study showed that 
a new curriculum design, focusing on HPV knowledge 
and HPV vaccine recommendation and communication 

techniques, increased the perceived likelihood of HPV 
vaccine recommendation among participating medical 
students [14]. Similarly, Shukhla et al. reported on the 
effectiveness of web-based educational modules on HPV 
among dental students (n = 97) residents (n = 28) and den-
tal hygiene students (n = 17) [15]. Following an online 
educational intervention, they showed an increase in 
knowledge about the prevalence of HPV infections, HPV-
associated cancers, and diseases that could be prevented 
with the HPV vaccine.

Dental providers have been recently involved in immuni-
zation practices in some States, including the HPV vaccine 
[16]. However, there is a lack in uniformity in HPV-related 
curricula. As such, having an online educational intervention 
to improve HPV education in dental schools could poten-
tially improve HPV vaccination rates. Dental providers have 
a unique opportunity in regularly seeing patients, especially 
adolescents, for their routine dental visits and therefore could 
recommend the HPV vaccine and educate their patients and 
patients’ parents on the association between high-risk HPV 
infections and cancer.

The strengths of the study include the inclusion of two 
large medical and dental schools. This is one of the first stud-
ies to look at both medical and dental students and compared 
respective curricula. In the era of health sciences education 
that highlights the benefit of interdisciplinary education, this 
study highlights the future potential for bringing medical 
and dental students together in HPV education initiatives. 
The intervention was effective in improving knowledge and 
willingness to recommend with relatively short time com-
mitment from the participant and is easily implemented in 
other settings as it is administered online.

There were some limitations with the study. Even though 
this study was conducted at two large US medical and den-
tal schools, we included a relatively a small sample, and 
therefore, the results may not be generalizable to all other 
medical and dental trainees in the country. In the future, 
we plan to include more dental and medical schools from 
other States, which will make the results more representa-
tive of the current educational scenario on HPV. In addition, 
the participation in the study was voluntary, and this could 
have introduced a selection bias for trainees with greater 
interest in or better baseline knowledge about HPV and 
HPV vaccination. The study design did not include control 
group or randomization and therefore we were limited by 
the extent to which we could extrapolate our conclusions 
from the results. Without a control group, all participants 
received the educational intervention and might be subjected 
to response bias, especially to survey questions in Table 3. 
Finally, our online intervention did not improve knowledge 
on who should receive the HPV vaccine among participants. 
Therefore, we plan on modifying the current online interven-
tion to improve this gap. Future studies should also consider 

Table 3   Medical and dental trainees’ feedback on the online interven-
tion

Number (%)

This online education improved my HPV knowledge
  Total participants (N) 54
  Strongly agree 47 (87.0)
  Somewhat agree 5 (9.3)
  Neutral 1 (1.9)
  Somewhat disagree 0 (0.0)
  Strongly disagree 1 (1.9)

I am more likely to recommend the HPV vaccine after this online 
education
  Total participants (N) 54
  Strongly agree 37 (68.5)
  Somewhat agree 8 (14.8)
  Neutral 7 (13.0)
  Somewhat disagree 1 (1.9)
  Strongly disagree 1 (1.9)

I would be willing to provide the HPV vaccine to my patients (if 
allowed by law)
  Total participants (N) 38
  Strongly agree 30 (78.9)
  Somewhat agree 4 (10.5)
  Neutral 4 (10.5)
  Somewhat disagree 0 (0.0)
  Strongly disagree 0 (0.0)
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vaccine recommendation techniques, especially for vaccine 
hesitant parents and patients.

In summary, we found that our proposed online inter-
vention tailored to dental and medical trainees improved 
baseline HPV and HPV vaccine knowledge and the attitudes 
towards recommending HPV vaccines to patients. Distance 
education with synchronic or asynchronous technologies has 
become common during the recent COVID-19 pandemic. 
Therefore, the proposed online tool could be easily adopted 
to train future healthcare providers and to effectively dis-
seminate HPV-related information and improve current HPV 
vaccination practices.
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