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Abstract

Human papillomavirus (HPV) vaccination is a well-established and successful tool for pre-
venting HPV-related cancers. However, vaccine uptake remains low, influenced by patient
hesitancy around safety concerns and little opportunity to discuss the vaccine with trusted
healthcare providers. We conducted a national, cross-sectional study of allopathic and oste-
opathic medical students regarding knowledge of HPV vaccination guidelines March-April
2021. Analysis sought to identify gaps in knowledge as well as demographic and academic
correlates of knowledge. A total of 718 students participated (response rate = 50.8%). While
92.8% of participants identified the connection between HPV and cervical cancer, lower per-
centages associated HPV with vaginal/vulvar (67.7%), anal (63.3%), and penile (53.9%)
cancers. Low percentages of participants correctly identified age of HPV vaccine eligibility
(33.3%) and how many doses are needed for full protection (48.1%). This study identifies
specific knowledge gaps in medical students’ training on HPV-related cancers and HPV vac-
cination guidelines. Through addressing these gaps, we may improve HPV vaccine uptake
and decrease the incidence of HPV-related cancers.

Introduction

Each year in the United States (U.S.), an estimated 35,900 people are diagnosed with a Human
Papillomavirus (HPV)-related cancer [1]. An estimated 90% of these cases could be prevented
by HPV vaccination [1]. However, a 2020 U.S. nationally representative survey found that only
75% of adolescents aged 13-17 received at least 1 dose of the HPV vaccine, only 59% were fully
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vaccinated, and vaccination rates were lower among male compared to female adolescents [2].
Furthermore, from 2015 to 2018, there was a 79% increase in the percentage of parents who
cited safety concerns as a primary reason to refuse initiation of the HPV vaccine for their ado-
lescents [3]. In the general population, HPV knowledge is relatively limited, particularly sur-
rounding its association with cancer as upwards of 77% of people were unaware of the links
between HPV and anal, penile, and oral cancers [4].

Improving HPV vaccination rates is a U.S. public health priority. Previous studies have
found that physicians may hesitate to mention HPV vaccinations out of fear that patients will
refuse the vaccine as well as inadequate time during visits to sufficiently explain the benefits of
vaccination [5]. However, evidence suggests that when physicians do take the time to discuss
the merits of the HPV vaccine, they may positively encourage their patients to receive the vac-
cine [6,7]. Among 18-26 year olds, trust in the clinician and clinician recommendation were
major factors influencing vaccination decisions [6]. In a study of college students, clinician
recommendation to receive the HPV vaccine resulted in participants being nearly five times
more likely to be vaccinated [7].

Patient eligibility for the HPV vaccine has expanded since U.S. Food and Drug Administra-
tion (FDA) approval in 2006. While the vaccine was initially aimed at adolescent and pre-teen
girls, recommendation has expanded to now include both male and female patients, starting as
young as age 9 and extending through age 45. Current guidelines recommend patients aged
11-12 receive 2 doses and patients aged 15-26 receive 3 vaccine doses [1]. Patients aged 27-45
are advised to engage in shared decision making with their providers to determine whether
vaccination against HPV is appropriate based on individual risk factors and values.

While the link between HPV and cervical cancer is widely-known, HPV is also responsible
for oropharyngeal, anal, penile, vulvar, and vaginal cancers, which account for over two-thirds
of annual HPV-related cancers [1]. Previous studies of medical students have found that
many, 59.7% of students, were not aware of the connection between HPV and these other can-
cers [8,9]. Given the power of clinician recommendation and knowledgeable explanation of
the risks and benefits of HPV vaccination, medical education about HPV vaccination is imper-
ative to ensure vaccination rates meet the public health need.

Previous studies have found knowledge of HPV and HPV vaccination increased as medical
students progressed through training [8,10]. Medical students who had personally received the
HPV vaccine also reported significantly greater willingness to vaccinate adolescents before
ages 15-16, as well as greater willingness to discuss vaccination during visits [11]. However,
much of this research was conducted prior to expansion of indications for HPV-vaccination
beyond adolescent and pre-teen girls. Continued investigation is needed to assess current
medical students” knowledge of HPV vaccination with the ultimate goals of continuing to
increase HPV vaccination rates and decrease the incidence of HPV-related cancers.

Furthermore, most of the previous research on medical students’ HPV vaccine knowledge
was conducted with allopathic medical students. However, osteopathic and allopathic medical
students differ in their medical school curricula and clinical experiences. Both types of stu-
dents learn scientific, evidence-based practices and treatments at four-year medical training
programs that are examined by the same state licensing boards (but using different exams).
That said, osteopathic medical practice centers holistic medicine and musculoskeletal manipu-
lative medicine techniques, while allopathic medicine focuses primarily on symptom allevia-
tion and disease treatment through pharmaceutical interventions [12]. Osteopathic medical
education places a specific emphasis on preventive medicine and health promotion, such as
vaccinations.

The goals of the current study were to address the following, specific research questions: 1)
What are the specific knowledge gaps among medical students regarding U.S. Center for
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Disease Control (CDC) HPV vaccinations guidelines?; 2) What are the demographic and aca-
demic correlates of knowledge of HPV vaccination guidelines?; and 3) Are there specific
knowledge deficits that remain among medical students in their final year of training?

Methods
Study population and procedure

The study participants were recruited from a cross-sectional sample of students from 16 U.S.
allopathic (10) and osteopathic (6) medical schools, which represented a convenience sample
of institutions selected for regional diversity. School administrators disseminated study infor-
mation to potential participants between March-April 2021. Study information sent to stu-
dents deliberately avoided any mention of HPV to reduce the risk of selection bias. Inclusion
criteria for this study were: 1) 18 years of age or older, and 2) currently enrolled in a U.S. allo-
pathic or osteopathic medical school. Interested students who met both inclusion criteria were
sent a follow-up email with instructions to access the study. The survey was completed online
using QualtricsXM (Provo, UT). Upon completion of the study, participants were sent a
debrief message and a $10.00 gift card to an online retailer as compensation.

Instrument development

The study instrument was developed specifically for use in this study. We developed items
related to knowledge of HPV informed by the guidelines and recommendations for HPV
immunization as developed by the U.S. Preventive Services Task Force (USPSTF) [1,13]. Items
were reviewed by an infectious disease physician with content expertise for accuracy. A focus
group of 10 medical students from a single, Midwestern allopathic medical education program
completed the instrument and provided feedback on item wording and study administration.
We incorporated this feedback prior to distribution of the instrument to the larger sample.
The first section of the study presented students with a list of cancer diagnoses (e.g., cervical,
colon, vaginal/vulvar) and asked participants to indicate which cancers could be caused by
HPV. The next section presented a series of multiple-choice questions and participants were
instructed to select the single best answer for each. Multiple choice questions were developed
based on review of the CDC and USPSTF guidelines for HPV-vaccination [1,13]. Multiple
choice questions are listed in Table 2 and the complete study instrument is attached as a S1 File.

Statistical analysis

We calculated descriptive statistics to describe the sample as well as all items included on the
knowledge assessment. Next, we calculated the percentage of respondents who correctly
answered each item. The percentage who answered correctly was compared between the
group of participants in the pre-clinical phase (years 1/2) and clinical-phase (years 3/4) of
medical training utilizing Pearson’s chi-squared tests (x*). The total number of correct items
was summed and divided by the total number of items to create a percentage of correct knowl-
edge for each participant. The knowledge percentage was compared between demographic
and training variables utilizing a one-way analysis of variance (ANOVA) for independent vari-
ables with three or more levels and independent samples ¢-tests for type of training, which
only had two levels. Multivariable analyses were completed using analysis of covariance
(ANCOVA) adjusting for all demographic and training variables. Data management and anal-
ysis was conducted using IBM SPSS v27 (IBM Corp., Armonk, NY). The pre-determined level
of significance was a p-value < 0.05. This study was reviewed and approved by the Institutional
Review Board of Rosalind Franklin University (protocol: COP-20-256) on November 2, 2020
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and informed consent was obtained from all participants before beginning the study via the
online study instrument.

Results

A total of 1,592 students indicated interest in participating in this study. Of these interested
students, 808 completed the study (response rate = 50.8%). We removed 90 due to incomplete
responses. This left a final analytic sample of 718.

Demographics

The largest proportion of the participants in this study were in their first year of training

(n =204, 28.4%) and approximately half were in allopathic medical education programs

(n =382, 53.2%). Over half of participants were White (n = 416, 57.9%), most were heterosex-
ual (n = 604, 84.1%), and approximately two-thirds were cisgender women (n = 450, 62.7%).
Regionally, the greatest number of participants were training in the Midwestern U.S. (n = 361,
50.3%). Full demographic information is provided in Table 1. The mean age of participants

Table 1. Sample demographics (N = 718).

Year of Training n %
I 204 28.4
ond 189 263
3 157 21.9
40y 168 23.4
Type of Training

Medicine (allopathic-MD) 382 53.2
Medicine (osteopathic-DO) 336 46.8
Race/Ethnicity”

White 416 57.9
Black 27 3.8
Hispanic/Latino 47 6.5
Asian 239 33.3
Other Race 33 4.6
Sexual Orientation*

Heterosexual (straight) 604 84.1
Homosexual (gay/lesbian) 40 5.6
Bisexual 53 7.4
Different Sexual Orientation 19 2.6
Did Not Answer 2 0.2
Gender Identity

Man (cisgender male) 262 36.5
Woman (cisgender female) 450 62.7
Different Gender Identity 6 0.8
Region

South 70 9.7
Northeast 138 19.2
West 149 20.8
Midwest 361 50.3

*Some totals exceed 718 because participants could select multiple response options for a given demographic

characteristic.

https://doi.org/10.1371/journal.pone.0280287.t001
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Fig 1. Specific cancer associations with HPV. Percentage of respondents indicating an association between HPV and each cancer type. Those indicated with
an asterisk have a well-documented relationship with HPV. Labels for each bar indicate the number of participants indicating a relationship between HPV and
the listed malignancy.

https://doi.org/10.1371/journal.pone.0280287.9001

was 26.3 years (SD = 3.25). Comparison of demographics between allopathic and osteopathic
student groups is presented in S1 Table. We also compared demographics of the sample
responding to the survey to the demographics of medical students nationally to ensure repre-
sentation without identifying major discrepancies (S2 Table).

Specific cancer diagnoses

Participants were asked to indicate which cancers HPV could cause from a provided list of 12
different cancers- the correct answers were cervical, vaginal/vulvar, anal, and penile cancers
(Fig 1). We found that 92.8% of participants correctly indicated that HPV could be a causative
etiology for cervical cancer (n = 666). However, we found that lower percentages of partici-
pants correctly indicated HPV could be causative for vaginal/vulvar cancer (67.7%, n = 486),
anal cancer (63.4%, n = 455), and penile cancer (53.9%, n = 387). We found that 10.7%

(n =77) of participants indicated HPV was a causative etiology for testicular cancer and 10.0%
(n = 72) indicated this for colorectal cancer, both of which were incorrect.

Multiple choice items

A greater percentage of students in the clinical-phase of training correctly answered six of the
eight multiple choice items (Table 2). Specifically, greater percentages of clinical-phase stu-
dents correctly identified the age at which patients are no longer indicated to receive the HPV
vaccine (>45 years; 65.2% vs. 55.6%, x’[1,N=718] = 7.05, p =.008), that three HPV vaccine
doses were needed to confer protection for a 16 year old patient (88.3% vs. 67.9%, x’[1,
N=718] = 54.6, p < .001), and that a patient should also be considered for the Hepatitis A vac-
cine (84.9% vs. 78.6%, x*[1, N = 718] = 4.54, p = .03) in addition to the HPV vaccine.
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Table 2. Individual item analyses.

Overall Pre- Clinical P

Correct | Clinical

n % n % n | %
According to current recommendations, what is the earliest age patients may begin receiving the HPV vaccine? 237 | 33.0 | 118 | 30.1 | 119 | 36.6 | .06
According to current recommendations, after what age are patients no longer indicated to receive the HPV vaccine? 430 [ 59.9 | 218 | 55.6 | 212 | 65.2 | .01
A woman who receives the HPV vaccine does not require cervical Pap smears (T/F) 699 | 97.4 | 378 | 96.4 | 321 | 98.8 | .03
The HPV vaccine protects against all strains of the HPV virus (T/F) 679 | 94.6 | 359 | 91.3 | 320 | 98.5 | <.001
Before receiving the HPV vaccine, patients should have HPV serology testing done (T/F) 540 | 75.2 | 253 | 64.4 | 287 | 88.3 | <.001
Which aspect of a patient’s presentation determines the number of HPV vaccine doses needed to confer protection? 552 | 76.9 | 266 | 67.9 | 286 | 88.3 | <.001
How many doses of the HPV vaccine will be necessary for a 16 year old patient? 345 | 48.1 | 189 | 482 | 156 | 48.0 | .98
Assuming a patient has not received any of the vaccinations listed below, which one could be considered for the patient? | 583 | 81.2 | 308 | 78.6 | 275 | 84.9 | .03

https://doi.org/10.1371/journal.pone.0280287.1002

In addition, a greater percentage of clinical-phase students correctly responded that women
who have received the HPV vaccine still require pap-smears (98.8% vs. 96.4%, x°[1, N = 718] =
4.62, p = .03), that the HPV vaccine does not protect against all strains of HPV (98.5% vs.
91.3%, x°[1, N=718] = 17.5, p < .001), and that HPV serology is not required prior to receiv-
ing the HPV vaccine (88.3% vs. 64.4%, x2[1, N = 718] = 41.3, p < .001).

Knowledge comparisons

In the univariate ANOVA analyses (Table 3) we found that knowledge of HPV differed based
on a participant’s year in training (F[3,714] = 32.6, p < .001). Students in the first year of train-

ing reported the lowest knowledge percentage compared to all other years (all p < .001;

Table 3. HPV knowledge assessment scores.

Unadjusted Adjusted

Year of Training Mean (95%CI) p Mean (95%CI) p
1 74.3% (72.6-76.0) Ref. 76.0% (72.5-79.5) Ref.
nd 79.4% (77.6-81.3) < .001 81.6% (78.0-85.1) < .001
3rd 84.2% (82.6-85.7) <.001 85.9% (82.2-89.6) <.001
4thy 84.6% (82.9-86.2) <.001 86.3% (82.7-89.8) <.001
Sexual Orientation
Heterosexual (straight) 79.8% (78.9-80.8) Ref. 81.0% (77.5-84.5) Ref.
Homosexual (gay/lesbian) 83.4% (79.3-87.4) .46 83.9% (79.5-88.3) .80
Bisexual 82.3% (79.3-85.2) 99 82.5% (77.9-87.1) .99
Other Sexual Orientation 80.8% (74.1-87.5) .99 82.4% (76.8-88.0) .99
Gender Identity
Man (cisgender male) 78.7% (77.1-80.2) Ref. 79.8% (77.6-82.0) Ref.
Woman (cisgender female) 81.1% (80.0-82.2) .03 82.8% (80.7-84.8) .004
Other Gender Identity 84.2% (75.8-92.6) .82 84.7% (75.3-94.1) .98
Region
South 82.0% (78.7-85.3) Ref. 82.7% (78.4-87.0) Ref.
Northeast 80.4% (78.3-82.4) 99 82.8% (79.2-86.3) .99
West 78.6% (76.6-80.6) 34 81.3% (77.6-84.9) .99
Midwest 80.6% (79.4-81.8) 99 83.0% (79.6-86.4) .99
Type of Training
Medicine (allopathic-MD) 81.3% (80.1-82.5) Ref. 83.0% (79.7-86.3) Ref.
Medicine (osteopathic-DO) 79.0% (77.6-80.4) .01 81.9% (78.4-85.4) .26
https://doi.org/10.1371/journal.pone.0280287.t003
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M =74.3% [72.6-76.0]) as compared to those in the second (79.4% [77.6-81.3]), third (84.2%
[82.6-85.7]) and fourth years (M = 84.6% [82.9-86.2]) of training). We also found that knowl-
edge of the HPV vaccine differed based on the participants’ gender identity (F[2,717] = 3.61, p
=.03). Cisgender women (M = 81.8% [80.0-82.2]) reported higher knowledge of the HPV vac-
cine compared to cisgender men (M = 78.7% [77.1-80.2], p = .03). In the bivariate comparison
of knowledge between allopathic (M = 81.3% [80.1-82.5]) and osteopathic (M = 79.0% [77.6-
80.4]) medical students, we found that allopathic students reported a higher average knowl-
edge score ([716] = 2.53, p =.01).

In the adjusted analyses, the effect of participants’ year in training was maintained (F
[3,713] = 32.4, p < .001). First-year students reported lower knowledge compared to all other
years (all p < .001). The effect of participant gender identity was also maintained (F[2,713] =
5.57, p < .001) with cisgender women reporting higher knowledge compared to cisgender
men. No additional effects of demographic or training characteristics were identified on HPV
knowledge (Table 3).

Discussion

HPV-associated cancers continue to cause mortality and morbidity in the U.S. despite wide
availability of effective prevention with the HPV vaccine. Clinicians play a key role in ensuring
that HPV vaccination reaches all eligible patients [14]. Medical education about the HPV vac-
cine is crucial so medical students can identify vaccine candidates, educate their patients about
the risks and benefits, and respond to patient questions. To the best of our knowledge, this is
the first multi-regional and multi-institutional study of both allopathic and osteopathic medi-
cal students’ knowledge of HPV vaccination guidelines. The current findings may be used to
improve medical education about HPV-associated cancers and HPV vaccination.

Most participants (92.8%) correctly identified the connection between HPV and cervical
cancer. However, smaller percentages correctly identified the link between HPV and vaginal/
vulvar, anal, and penile cancers, echoing previous work [8,9]. Importantly, this previous study
grouped penile and vaginal/vulvar cancer as genital cancers whereas we separated these two
diagnoses. In our study, two-thirds of students linked HPV to vaginal/vulvar cancers, whereas
just over half linked HPV to penile cancers. This suggests difficulty identifying HPV-related
cancers in the male genital tract that both reflects the predominant societal narrative that so
closely links HPV to women’s health and suggests need for concentrated educational efforts
that focus specifically on HPV and anal/penile cancers [15,16].

The burden of HPV infection and HPV-related disease among men who have sex with men
(MSM) remains disproportionate, and recent work has found that HPV vaccination was more
common among MSM who were using HIV PrEP compared to those who were not [17].
While this is encouraging, it suggests there is a significant need to broadly improve HPV vacci-
nation among all patients who are at risk, not just those who are already engage in preventive
sexual healthcare. Research conducted among heterosexual patients found only 11.5% had
received one dose of the HPV vaccination, underscoring the importance of education to
broadly improve uptake of the HPV vaccine [18].

Broadly, knowledge of HPV vaccination guidelines improved with increasing years of train-
ing as second, third, and fourth-year medical students performed better than first-year stu-
dents. This trend in increasing knowledge is intuitive given the progressive concentration on
clinical medicine as training progresses, and these results are consistent with those from prior
studies [8,10]. We found that the only questions without difference between year of training
were those answered incorrectly by most students in either group. Specifically, we found that
fewer than half (33.0%) of the students in this study, even those in the clinical years of training
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(36.6%), correctly identified patients could begin receiving the HPV vaccine at age 9. Addi-
tionally, only 48.1% of participants, including 48.0% of those in clinical training, were correct
in identifying three HPV vaccine doses conferred full protection for a 16-year-old patient. The
persistence of incorrect knowledge in this later phase of training suggests the need for addi-
tional training about eligibility for the HPV vaccine.

These knowledge gaps thus present an opportunity for educational intervention [19-21].
There is a demonstrable benefit that increased training among first- and second-year medical
students can improve comfort and knowledge in counseling on HPV vaccination [22,23]. A
follow-up study to the workshop curricula that was implemented by Evans et al. demonstrated
that a year and a half later, these students retained their knowledge and continued to better
advocate for the vaccine than their peers who did not participate in the workshop, and these
students were also able to integrate their knowledge into increasing HPV vaccination rates in
student-run free clinics [22,24].

We found several interesting demographic trends. Greater HPV knowledge was demon-
strated among cisgender women as compared to cisgender men, without difference based on
sexual orientation, region, or type of training. Women remain more likely to have received the
HPYV vaccine, and this first-hand experience is related to their greater current knowledge and
future discussions of the vaccine with patients [11]. To standardize provider knowledge and to
ensure that all students possess a similar foundation of knowledge related to HPV vaccination,
school-wide initiatives are necessary. Even a single lecture by an expert can improve attitudes
with HPV vaccination, especially in students who themselves did not have it [24-26]. Other
curricula have had similar success, including a role-playing workshop conducted with 28 med-
ical students and residents that showed improved participant knowledge, comfort, and confi-
dence discussing the HPV vaccine [21,27,28].

Limitations

The results of the present study should be interpreted in the context of several limitations
which invite future study. First, there are slight differences in terms of the demographic com-
position of the study sample and those of allopathic and osteopathic medical students nation-
ally. Relatedly, our sample is also over-representative of students attending medical school in
the Midwest. For this reason, we included region as a covariate in the ANCOVA to control for
any variance introduced by this variable, and its effect was not statistically significant. Second,
our HPV knowledge assessment was developed specifically for this study and has not been vali-
dated or linked to clinical practice outcomes. However, the instrument was developed based
on current guidelines and reviewed for accuracy by an infectious disease physician. Given that
the purpose of the present study was to identify knowledge gaps to guide future educational
interventions, this type of knowledge assessment was appropriate. However, we did not
include oropharyngeal cancers as one of the options in our assessment of knowledge of the
association of cancer types with HPV. Recent work has found knowledge gaps among medical
students with respect to the association of HPV and oropharyngeal cancers [9]. This is an
important area for future study to ensure that medical education curricula present comprehen-
sive training on the malignancies associated with HPV.

Third, our survey did not assess students’ personal HPV vaccination status, which may
introduce respondent bias but could also represent an avenue of future inquiry into HPV vac-
cination knowledge and practice patterns. Future study is also needed to directly link knowl-
edge deficits to clinical decision-making regarding HPV vaccination as well as to develop
common standards for medical education about HPV vaccination. Finally, we also acknowl-
edge the limitation of studying medical students given their inability to practice independently.
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However, studying this population is essential for curriculum design, improvement, and prep-
aration for practice. Additional work is needed to determine whether the pattern of findings
identified in this study are also present among practicing physicians.

Conclusion

Increased knowledge about HPV-related cancers and HPV vaccination as well as confidence
discussing the HPV vaccine can positively impact its uptake and continue to decrease the prev-
alence of HPV-related cancers. This begins with giving medical students a strong foundation
on the effects of HPV infection, the benefits of vaccination, and when/to whom it should be
administered. While many studies have focused on the general knowledge base of medical stu-
dents in specific regions and at specific institutions, we demonstrate multi-regional osteo-
pathic and allopathic knowledge of HPV vaccination rationale and guidelines, highlighting the
gaps in knowledge where educational interventions are needed. We found deficits in medical
students’ ability to link HPV to vaginal, vulvar, anal, and especially penile cancers, including
markedly decreased knowledge in the pre-clinical years. The focus of future work should now
shift to the development and implementation of curricular interventions. Students could
greatly benefit from lectures and workshops dedicated specifically to non-cervical HPV-related
cancers and how to discuss the HPV vaccine with patients. With a new cohort of physicians
prepared to address HPV vaccination, we may more successfully decrease the prevalence of
deaths from cancers preventable with the HPV vaccine.

Supporting information

S1 Table. Allopathic and osteopathic sample student demographics. Comparison of sample
demographics of allopathic and osteopathic medical student populations in this study.
(DOCX)

S2 Table. Study and national demographics. Comparison of sample demographics to
national allopathic and osteopathic medical student populations.
(DOCX)

S1 File. Study instrument. This file contains the study instrument that was used to collect
data for this study.
(PDF)

S2 File. Data file. This file contains the raw data collected in this study.
(SAV)

Acknowledgments

The authors would like to thank all of the University administrators who assisted with distribu-
tion of study information as well as all of the students who took the time to participate in this
study.

Author Contributions

Conceptualization: Samuel R. Bunting, Brian A. Feinstein, Aniruddha Hazra.
Formal analysis: Samuel R. Bunting.

Funding acquisition: Samuel R. Bunting, Sarah S. Garber.

Investigation: Samuel R. Bunting, Brian A. Feinstein, Sarah S. Garber.

PLOS ONE | https://doi.org/10.1371/journal.pone.0280287 January 11, 2023 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280287.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280287.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280287.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280287.s004
https://doi.org/10.1371/journal.pone.0280287

PLOS ONE

Medical students’ knowledge of human papillomavirus vaccination

Methodology: Brian A. Feinstein, Aniruddha Hazra.

Project administration: Samuel R. Bunting, Brian A. Feinstein, Sarah S. Garber.

Resources: Sarah S. Garber.

Supervision: Samuel R. Bunting, Sarah S. Garber.

Visualization: Samantha Morris, Julia Chael.

Writing - original draft: Samantha Morris, Julia Chael.

Writing - review & editing: Samuel R. Bunting, Samantha Morris, Julia Chael, Brian A. Fein-

stein, Aniruddha Hazra, Sarah S. Garber.

References

1.

10.

11.

12.

13.

14.

Centers for Disease Control & Prevention. Cancers Caused by HPV Are Preventable 2021. Available
from: https://www.cdc.gov/hpv/hcp/protecting-patients.html.

Pingali C, Yankey D, Elam-Evans LD, Markowitz LE, Williams CL, Fredua B, et al. National, Regional,
State, and Selected Local Area Vaccination Coverage Among Adolescents Aged 13-17 Years—United
States, 2020. MMWR Morb Mortal Wkly Rep. 2021; 70(35):1183-90. https://doi.org/10.15585/mmwr.
mm7035a1 PMID: 34473682

Sonawane K, Lin YY, Damgacioglu H, Zhu Y, Fernandez ME, Montealegre JR, et al. Trends in Human
Papillomavirus Vaccine Safety Concerns and Adverse Event Reporting in the United States. JAMA
Netw Open. 2021; 4(9):e2124502. https://doi.org/10.1001/jamanetworkopen.2021.24502 PMID:
34533574

Suk R, Montealegre JR, Nemutlu GS, et al. Public Knowledge of Human Papillomavirus and Receipt of
Vaccination Recommendations. JAMA Pediatr. 2019; 173(11):1099-1102. https://doi.org/10.1001/
jamapediatrics.2019.3105 PMID: 31524931

Allison MA, Hurley LP, Markowitz L, Crane LA, Brtnikova M, Beaty BL, et al. Primary Care Physicians’
Perspectives About HPV Vaccine. Pediatrics. 2016; 137(2):e20152488. https://doi.org/10.1542/peds.
2015-2488 PMID: 26729738

Glenn BA, Nonzee NJ, Tieu L, Pedone B, Cowgill BO, Bastani R. Human papillomavirus (HPV) vaccina-
tion in the transition between adolescence and adulthood. Vaccine. 2021; 39(25):3435—44. https://doi.
org/10.1016/j.vaccine.2021.04.019 PMID: 33992435

McLendon L, Puckett J, Green C, James J, Head KJ, Yun Lee H, et al. Factors associated with HPV
vaccination initiation among United States college students. Hum Vaccin Immunother. 2021; 17
(4):1033—-43. https://doi.org/10.1080/21645515.2020.1847583 PMID: 33325794

Laitman BM, Ronner L, Oliver K, Genden E. US Medical Trainees’ Knowledge of Human Papilloma
Virus and Head and Neck Cancer. Otolaryngol Head Neck Surg. 2020; 162(1):56-9. https://doi.org/10.
1177/0194599819886117 PMID: 31661360

Laitman BM, Oliver K, Genden E. Medical Student Knowledge of Human Papillomavirus-Positive Head
and Neck Cancer. JAMA Otolaryngol Head Neck Surg. 2018; 144(4):380-2. https://doi.org/10.1001/
jamaoto.2017.3089 PMID: 29423502

Daniel CL, McLendon L, Green CL, Anderson KJ, Pierce JY, Perkins A, et al. HPV and HPV Vaccination
Knowledge and Attitudes Among Medical Students in Alabama. J Cancer Educ. 2021; 36(1):168—77.
https://doi.org/10.1007/s13187-019-01613-3 PMID: 31502236

Berenson AB, Hirth JM, Fuchs EL, Multidisciplinary Translation Team on Reproductive Women’s H. US
medical students’ willingness to offer the HPV vaccine by vaccination status. Vaccine. 2017; 35
(9):1212-5.

Wou P, Siu Jonathan. Brief Guide to Osteopathic Medicine, For Students, By Students. Chevy Chase,
MD: American Association of Colleges of Osteopathic Medicine, 2015. Available at https://www.
aacom.org/docs/default-source/cib/bgom.pdf. Accessed November 25, 2022.

U.S. Preventive Services Task Force, Curry SJ, Krist AH, Owens DK, Barry MJ, Caughey AB, et al.
Screening for Cervical Cancer: US Preventive Services Task Force Recommendation Statement.
JAMA. 2018; 320(7):674-86. https://doi.org/10.1001/jama.2018.10897 PMID: 30140884

Gilkey MB, McRee AL. Provider communication about HPV vaccination: A systematic review. Hum Vac-
cin Immunother. 2016 Jun 2; 12(6):1454—-68. https://doi.org/10.1080/21645515.2015.1129090 PMID:
26838681

PLOS ONE | https://doi.org/10.1371/journal.pone.0280287 January 11, 2023 10/11


https://www.cdc.gov/hpv/hcp/protecting-patients.html
https://doi.org/10.15585/mmwr.mm7035a1
https://doi.org/10.15585/mmwr.mm7035a1
http://www.ncbi.nlm.nih.gov/pubmed/34473682
https://doi.org/10.1001/jamanetworkopen.2021.24502
http://www.ncbi.nlm.nih.gov/pubmed/34533574
https://doi.org/10.1001/jamapediatrics.2019.3105
https://doi.org/10.1001/jamapediatrics.2019.3105
http://www.ncbi.nlm.nih.gov/pubmed/31524931
https://doi.org/10.1542/peds.2015-2488
https://doi.org/10.1542/peds.2015-2488
http://www.ncbi.nlm.nih.gov/pubmed/26729738
https://doi.org/10.1016/j.vaccine.2021.04.019
https://doi.org/10.1016/j.vaccine.2021.04.019
http://www.ncbi.nlm.nih.gov/pubmed/33992435
https://doi.org/10.1080/21645515.2020.1847583
http://www.ncbi.nlm.nih.gov/pubmed/33325794
https://doi.org/10.1177/0194599819886117
https://doi.org/10.1177/0194599819886117
http://www.ncbi.nlm.nih.gov/pubmed/31661360
https://doi.org/10.1001/jamaoto.2017.3089
https://doi.org/10.1001/jamaoto.2017.3089
http://www.ncbi.nlm.nih.gov/pubmed/29423502
https://doi.org/10.1007/s13187-019-01613-3
http://www.ncbi.nlm.nih.gov/pubmed/31502236
https://www.aacom.org/docs/default-source/cib/bgom.pdf
https://www.aacom.org/docs/default-source/cib/bgom.pdf
https://doi.org/10.1001/jama.2018.10897
http://www.ncbi.nlm.nih.gov/pubmed/30140884
https://doi.org/10.1080/21645515.2015.1129090
http://www.ncbi.nlm.nih.gov/pubmed/26838681
https://doi.org/10.1371/journal.pone.0280287

PLOS ONE

Medical students’ knowledge of human papillomavirus vaccination

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Cartmell KB, Mzik CR, Sundstrom BL, Luque JS, White A, Young-Pierce J. HPV Vaccination Communi-
cation Messages, Messengers, and Messaging Strategies. J Cancer Educ. 2019; 34(5):1014-23.
https://doi.org/10.1007/s13187-018-1405-x PMID: 30054900

Meites E, Wilkin TJ, Markowitz LE. Review of human papillomavirus (HPV) burden and HPV vaccination
for gay, bisexual, and other men who have sex with men and transgender women in the United States.
Hum Vaccin Immunother. 2022 Dec 31; 18(1):2016007. https://doi.org/10.1080/21645515.2021.
2016007 PMID: 35294325

Pleuhs B., Walsh J.L., Quinn K.G. et al. Uptake of Human Papillomavirus Vaccination by HIV Status
and HIV Pre-exposure Prophylaxis (PrEP) Care Engagement Among Young Sexual Minority Men 17—
24 Years Old in the USA. Sex Res Soc Policy 19, 1944—1953 (2022).

Amboree T.L., Wermuth P.P., Montealegre J.R. et al. Sexual Behaviors and Human Papillomavirus
Vaccination in a Heterosexually Active Adult Population at Increased Risk for HIV Infection. Arch Sex
Behav (2022).

Desrosiers JE, Macpherson SA, Coughlan EP, Dawson NM. Sex, Bugs, and Rock ‘n’ Roll: A Service-
Learning Innovation to Enhance Medical Student Knowledge and Comfort With Sexual Health.
MedEdPORTAL.

Wiley R, Shelal Z, Bernard C, Urbauer D, Toy E, Ramondetta L. Human Papillomavirus: From Basic
Science to Clinical Management for Preclinical Medical Students. MedEdPORTAL. 2018; 14:10787.
https://doi.org/10.15766/mep_2374-8265.10787 PMID: 30800987

Fiorito TM, Krilov LR, Nonaillada J. Human Papillomavirus Knowledge and Communication Skills: A
Role-Play Activity for Providers. MedEdPORTAL. 2021; 17:11150. https://doi.org/10.15766/mep_2374-
8265.11150 PMID: 33907710

Evans L, Matley E, Oberbillig M, Margetts E, Darrow L. HPV Knowledge and Attitudes Among Medical
and Professional Students at a Nevada University: A Focus on Oropharyngeal Cancer and Mandating
the Vaccine. J Cancer Educ. 2020; 35(4):774-81. https://doi.org/10.1007/s13187-019-01529-y PMID:
31073868

Wiley R, Shelal Z, Bernard C, Urbauer D, Toy E, Ramondetta L. Team-Based Learning Module for
Undergraduate Medical Education: a Module Focused on the Human Papilloma Virus to Increase Will-
ingness to Vaccinate. J Cancer Educ. 2019 Apr; 34(2):357-362. https://doi.org/10.1007/s13187-017-
1311-7 PMID: 29280059

Sutton S, Azar SS, Evans LK, Murtagh A, McCarthy C, John MS. HPV Knowledge Retention and Con-
current Increase in Vaccination Rates 1.5 Years After a Novel HPV Workshop in Medical School. J Can-
cer Educ. 2021. https://doi.org/10.1007/s13187-021-02106-y PMID: 34669178

Berenson AB, Hirth JM, Fuchs EL, Chang M, Rupp RE. An educational intervention to improve attitudes
regarding HPV vaccination and comfort with counseling among US medical students. Hum Vaccin
Immunother. 2020; 16(5):1139—44. https://doi.org/10.1080/21645515.2019.1692558 PMID: 31809635

Perkins RB, Zisblatt L, Legler A, Trucks E, Hanchate A, Gorin SS. Effectiveness of a provider-focused
intervention to improve HPV vaccination rates in boys and girls. Vaccine. 2015 Feb 25; 33(9):1223-9.
https://doi.org/10.1016/j.vaccine.2014.11.021 PMID: 25448095

Walling EB, Benzoni N, Dornfeld J, Bhandari R, Sisk BA, Garbutt J, et al. Interventions to Improve HPV
Vaccine Uptake: A Systematic Review. Pediatrics. 2016 Jul; 138(1):€20153863. https://doi.org/10.
1542/peds.2015-3863 PMID: 27296865

Rodriguez AM, Do TQN, Goodman M, Schmeler KM, Kaul S, Kuo YF. Human Papillomavirus Vaccine
Interventions in the U.S.: A Systematic Review and Meta-analysis. Am J Prev Med. 2019 Apr; 56
(4):591-602. https://doi.org/10.1016/j.amepre.2018.10.033 PMID: 30773231

PLOS ONE | https://doi.org/10.1371/journal.pone.0280287 January 11, 2023 11/11


https://doi.org/10.1007/s13187-018-1405-x
http://www.ncbi.nlm.nih.gov/pubmed/30054900
https://doi.org/10.1080/21645515.2021.2016007
https://doi.org/10.1080/21645515.2021.2016007
http://www.ncbi.nlm.nih.gov/pubmed/35294325
https://doi.org/10.15766/mep%5F2374-8265.10787
http://www.ncbi.nlm.nih.gov/pubmed/30800987
https://doi.org/10.15766/mep%5F2374-8265.11150
https://doi.org/10.15766/mep%5F2374-8265.11150
http://www.ncbi.nlm.nih.gov/pubmed/33907710
https://doi.org/10.1007/s13187-019-01529-y
http://www.ncbi.nlm.nih.gov/pubmed/31073868
https://doi.org/10.1007/s13187-017-1311-7
https://doi.org/10.1007/s13187-017-1311-7
http://www.ncbi.nlm.nih.gov/pubmed/29280059
https://doi.org/10.1007/s13187-021-02106-y
http://www.ncbi.nlm.nih.gov/pubmed/34669178
https://doi.org/10.1080/21645515.2019.1692558
http://www.ncbi.nlm.nih.gov/pubmed/31809635
https://doi.org/10.1016/j.vaccine.2014.11.021
http://www.ncbi.nlm.nih.gov/pubmed/25448095
https://doi.org/10.1542/peds.2015-3863
https://doi.org/10.1542/peds.2015-3863
http://www.ncbi.nlm.nih.gov/pubmed/27296865
https://doi.org/10.1016/j.amepre.2018.10.033
http://www.ncbi.nlm.nih.gov/pubmed/30773231
https://doi.org/10.1371/journal.pone.0280287

