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Abstract

Objectives: To measure baseline human papillomavirus (HPV) vaccination rates among tertiary 

and community-based Otolaryngology – Head and Neck Surgery (Oto-HNS) clinic patients and to 

determine risk factors for under-vaccination.

Methods: Retrospective chart review of patients aged 9 to 26 years presenting to an Oto-HNS 

clinic from 2017 to 2019. Patients were considered complete for HPV vaccination if they received 

two doses of HPV vaccine with the first dose received before age 15 years or three doses of HPV 

vaccine otherwise.

Results: 8,532 unique patients met the criteria. At the index visit, 3,110 (36.5%) had completed 

the HPV series, 5,422 (63.5%) were due for one or more doses, with 4,981 (58.4%) eligible for 

vaccination at the time of their appointment. Of those dues, most (3,148/5,422 or 58%) were past 

due by age (≥13 years old). Of the 3,148 patients past due, 745 (23.7%) were partially vaccinated 

and 2,403 (76.3%) were vaccine naïve. Male sex and younger age were both independently 

associated with incomplete vaccination (p < 0.0001).

Conclusion: This study demonstrates that the implementation of on-site HPV vaccination 

has the potential to increase the opportunities for vaccination among vaccine-eligible patients, 

especially among young males. Otolaryngologists have the potential to provide meaningful 

preventive services in the fight against HPV-mediated disease.

Keywords

feasibility studies; immunization programs; otolaryngology; papillomavirus vaccines; squamous 
cell carcinoma of head and neck

INTRODUCTION

Otolaryngology – head and neck surgery (Oto-HNS) represents a specialty particularly 

positioned to promote and increase human papillomavirus (HPV) vaccination rates. Like 

Obstetrics and Gynecology (OBGYN) providers, who frequently offer HPV vaccination 

in the clinic, Oto-HNS providers represent surgical subspecialists who frequently treat HPV-

mediated disease and malignancy. Indeed, highlighting HPV’s links to head and neck cancer 

improves comfort in the discussion of the HPv vaccine.1 In addition, surgical providers 

may be able to make a strong recommendation for vaccination,2,3 supporting primary care 

providers in the effort to provide preventive healthcare. Moreover, Otolaryngologists are 

relatively likely to see children and adolescents in clinic, as tympanostomy tube placement 

and tonsillectomy represent two of the most common ambulatory pediatric surgeries.4 These 

patients are also often seen several times within a single year for work up, counseling, 

and follow up, creating the potential for vaccination completion with little impact on 

patient appointments. From recurrent respiratory papillomatosis (RRP) to HPV-mediated 

oropharynx cancer, the treatment of HPv-mediated disease is an essential component of 

every Oto-HNS practice, begging the question, can Otolaryngologists actively join the fight 

to prevent this infection?
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The human papillomavirus (HPV) is the most common sexually transmitted infection (STI) 

in the United States and worldwide.5 The original 4-valent HPV vaccine, approved in 

2006, was only recommended for females for the prevention of cervical cancer.5 This 

recommendation was extended to males aged 9–26 in 2009.6 Notably, in 2009, both the 

incidence and prevalence of HPV(+) oropharyngeal squamous cell carcinoma (OPSCC), 

which is 10-fold more common in males than females, surpassed cervical cancer in the 

U.S.7 The current vaccine that is utilized in the United States, Gardasil 9, is a 9-valent 

Food and Drug Administration (FDA)-approved vaccine for males and females aged 9–45 

for the prevention of HPV infections that may lead to cervical, vaginal, vulvar, anal, penile, 

and oropharyngeal squamous cell carcinoma, as well as several forms of nonmalignant 

papillomatosis.5 Gardasil 9 was originally approved for females in 2014, and the FDA 

expanded its approval of the vaccine to include males aged 9–26 in December of 2015. 

In June 2020, the FDA approved Gardasil 9 for the prevention of OPSCC and other HPV-

related head and neck cancers.8 The current schedule for vaccination requires two doses five 

months apart starting at age 9 among the immunocompetent, or three doses if the first dose 

is administered at age 15 or later9 or if the patient is immunocompromised.

The Centers for Disease Control and Prevention (CDC) estimates 92% of HPV-attributable 

cancers are preventable by HPV vaccination.10 However, adolescent HPV vaccination rates 

remain relatively low compared to other scheduled adolescent vaccinations in this age 

range such as the meningococcal and tetanus, diphtheria, and pertussis vaccines (Tdap).11 

Notably, in 2019 only 54.2% of eligible adolescents had received their full vaccination 

schedule and were thus considered fully protected against HPV,12 far below the Healthy 

People 2030 HPV vaccination rate goal of 80%.13 Walling et al. demonstrated that increased 

vaccine availability reaches the greatest number of adolescents and is the most successful 

in improving vaccination rates.14 However, achieving complete vaccination in this patient 

population is difficult as few adolescents have medical encounters in primary care for 

acute care, chronic care, or preventive care.15 In addition, HPV vaccination is currently not 

routinely required for school immunizations.16

We hypothesized that a significant number of HPV-vaccine eligible patients are seen by 

Otolaryngologists both in a tertiary and community care setting with a visit frequency that 

would allow HPV vaccine series completion for a significant proportion of patients. We 

sought to quantify the annual number of patients aged 9–26 presenting to an Oto-HNS 

clinic at a Midwestern US tertiary health center or affiliated community Oto-HNS clinic, 

evaluate their HPV vaccination status to assess the potential impact of an HPV vaccination 

program in this setting and to determine risk factors for undervaccination against HPV. To 

our knowledge, no such programs currently exist.

MATERIAL AND METHODS

After obtaining IRB approval (IRB #: 21–006640), a retrospective chart review was 

performed for all patients from 9 to 26 years of age seen within the Department of 

Otorhinolaryngology – Head and Neck Surgery at a Mayo Clinic Midwest site from 

2017 to 2019. Visits at the tertiary care center in Rochester, MN were categorized as 

academic (Acad-Oto) visits, while those performed at Mayo affiliated community clinics 
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were characterized as community (Comm-Oto) visits. Patients who opted out of Minnesota 

Research Authorization or had unknown HPV vaccination status were excluded from the 

study.17,18 Patients aged 27 to 45 were not included in this analysis as HPV vaccine is not 

routinely recommended at this age, however, it is available as a shared decision between 

clinician and patient based on individual risk and benefit.19

Basic demographic information and clinical variables were collected to determine risk 

factors for under vaccination. These variables included: subspecialty or division of provider 

seen, HPV vaccination status, and date of HPV vaccinations. Vaccination status was 

calculated using the vaccine records from the electronic medical record (EMR) and dates of 

vaccinations. The EMR included vaccinations given on-site as well as those reported by the 

patient and identified within their vaccination records. These data were readily available in 

the medical record of most patients due to the existence of state-wide vaccination record 

repositories including the Wisconsin Immunization Registry, Minnesota Immunization 

Information Connection, and the Iowa Immunization Registry Information System, which 

are updated at the time of vaccination and automatically queried by the EMR.

Patients were considered fully vaccinated if they received two doses of the HPV vaccine 

with the first dose administered before age 15 years, with at least 5 months between 

doses. Alternatively, patients whose first dose was administered at 15 years or later were 

considered fully vaccinated if they received three doses of the HPV vaccine. Patients were 

classified into three groups based on vaccination status at their index appointment with an 

Otolaryngology provider during the time of interest: fully vaccinated (2–3 HPV vaccinations 

depending on series and age), partially vaccinated (1–2 HPV vaccinations depending on 

series and age), or vaccine naïve (no HPV vaccinations despite vaccine records available).

Logistic regression analysis was performed to evaluate relationships between vaccination 

status and patient demographics. Associations between vaccination status and sex, 

controlling for age and race/ethnicity, and between vaccination status and location of the 

appointment, controlling for age, sex, and race/ethnicity, were evaluated. Partially vaccinated 

and vaccine naïve patients were both coded as “not up-to-date” for the calculation of odds 

ratios and confidence intervals of full vaccination status. Statistical analyses were performed 

using SAS version 9.4 (SAS Institute; Cary, NC). All tests were two-sided and p-values 

<0.05 were considered statistically significant.

RESULTS

Patient Demographics

A total of 11,812 unique patients from age 9–26 years old presented to an outpatient 

Otolaryngology appointment at Acad-Oto site or an affiliated Midwest Comm-Oto site. A 

total of 8,532 patients (72.2%) met inclusion criteria after excluding 1,351 patients (11.4%) 

who declined Minnesota Research Authorization and 1,929 patients (16.3%) with unknown 

vaccination status. Patient demographics divided by age group and sex are summarized in 

Table I.
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Variation in Vaccination Rates by Age and Sex

Of the 8,532 patients evaluated in this study, 4,219 (49.4%) were vaccine naïve. 4,313 

(50.6%) had received at least one vaccination dose, and 3,110 (36.4%) were fully 

vaccinated. At the time of their appointment, 2,560 patients (30%) were 9–12 years old, 

2,263 (26.5%) were 13–17, and 3,709 (43.5%) were 18–26. To determine whether vaccine 

status varied by age or sex, the patient population was first divided by sex and then further 

subdivided into three age groups: 9–12, 13–17, and 18–26 years. Sex was significantly 

associated with vaccination status (p < 0.0001) even after adjusting for patient age and race/

ethnicity (Table II), with females 2.5 times more likely than males to be fully vaccinated 

(95% CI 2.2–2.7). Males were also more likely to be vaccine naïve compared to females (n 
= 2347/3920, 59.9% vs. n = 1872/4612, 40.6%, respectively), and to be due for at least one 

dose of vaccine (n = 2,907/3,920,74.2% vs. n = 2,515/4,612, 54.5%). This difference was 

particularly stark in later age ranges, with 62.9% (952/1,513) of males aged 18–26 vaccine 

naïve, compared to 30.0% (658/2,196) of females of the same age range (Fig. 1A). The gap 

between males and females who were fully vaccinated widened nearly every year beginning 

at age 18 (Fig. 1B).

Variation in Vaccination Rates by Oto Clinic and Subspecialty

Visits within the department of Otolaryngology were then divided based on the subspecialty 

seen. The largest group, “General Oto-HNS,” included all visits to general Otolaryngology 

physicians, nurse practitioners, chief residents seeing a general clinic, and physician 

assistants, as well as nurse-only visits. “Other” included patients who presented to Allergy, 

Medical Genetics, Physical and Occupational therapy within Oto-HNS, and those with no 

documented visit type. When broken down by visit type, patients were most likely to be 

seen by general Oto-HNS providers (n = 4,614, 54.1%), followed by Audiology (n = 2,293, 

26.9%) (Table I).

Patients were more likely to be seen in a Comm-Oto practice (5,177 (60.7%) vs. 3,355 

(39.3%)). Within the Acad-Oto clinic, most eligible patients were seen by Audiology, while 

in Comm-Oto clinics, most were seen by general Otolaryngologists (Fig. 2). Visit location 

was included as a patient variable in the logistic regression analysis to determine whether 

this was associated with patient vaccination status. After controlling for age, sex, and race/

ethnicity, there was no significant difference in odds of full vaccination between patients 

seen in a Comm-Oto practice and those seen in an Acad-Oto practice [OR 1.1 (95% CI 

1.0–1.2)] (p = 0.11).

Evaluation of Patient Eligibility for Point-Of-Care vaccination (POCV)

To further analyze the potential impact of Otolaryngology departments offering on-site, 

HPV point-of-care vaccination (POCV), patients were categorized as eligible or ineligible 

for vaccination at the time of their Oto-HNS visit. All vaccine-naïve patients were 

categorized as eligible for POCV, and all fully vaccinated patients were categorized as 

ineligible. By comparing patients’ vaccination dates and Otolaryngology appointment dates, 

partially vaccinated patients were categorized as “early” or “due.” These cutoffs were 

determined from the CDC HPV vaccination scheduling recommendations, which vary 

depending on the age at which a patient receives their first dose.20 Partially-vaccinated 
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patients aged 9–14 were considered “early” if they received their first vaccine dose less than 

5 months prior to their Otolaryngology appointment, while the rest were considered “due.” 

Partially vaccinated patients aged 15–26 were further divided into those who had received 

one dose by the time of their Otolaryngology appointment, and those who had received 

two doses. Of those who had received only one dose, patients were considered “early” if 

their dose had been administered within the past 28 days (4 weeks) of their Otolaryngology 

appointment. Patients who had received two doses were considered “early” if their second 

dose had been administered within 84 days (12 weeks) of their Otolaryngology appointment, 

or if their first dose had been administered less than 5 months prior.21 All other patients were 

considered “due.”

A total of 1,203 patients were partially vaccinated. Of these, 748 patients received their first 

vaccine prior to age 15, while 455 received their first vaccine at age 15 or later. Additionally, 

398 (53.2%) of partially vaccinated, two-dose patients were due for their second and final 

vaccine dose at the time of their Oto-HNS appointment, while 364 of 455 (80%) of partially 

vaccinated, 3-dose patients were due for either their second (n = 183) or third dose (n = 

181) at the time of their appointment. Consequently, nearly two-thirds of the 1,203 partially 

vaccinated patients (762/1203, 63.3%), were considered due, and 579 patients would have 

been eligible for their final vaccine dose at the time of their visit. Including vaccine-naïve 

patients, a total of 4981/8532 (58.4%) patients were considered due at the time of their 

appointment and would have been eligible for a POCV during their visit (Fig. 3).

Variation in Vaccination Rates by Race and Ethnicity

84% of patients seen in both Acad-Oto and Comm-Oto clinics in this study were White 

Non-Hispanic or Latino (n = 7,144, 83.7%), limiting the ability to compare vaccination 

status by race and ethnicity. Race/ethnicity was associated with vaccination status, after 

controlling for age and sex. Interestingly, non-White Hispanic/Latino and White Hispanic/

Latino patients were both slightly more likely to be fully vaccinated compared to White-

non-Hispanic/Latino patients (OR 1.35, 95% CI 1.0–1.7, p = 0.00, and OR 1.2, 95% CI 

0.9–1.6, p = 0.01, respectively), (Table II). Patients who selected “other” or chose not to 

disclose their race and/or ethnicity were both less likely to be fully vaccinated compared to 

the reference group (OR 0.6, 95% CI 0.4–0.9, p = 0.04, and OR 0.4, 95% CI0.3–0.6, p < 

0.0001, respectively).

DISCUSSION

This study of Otolaryngology patients demonstrates that the current vaccination rates of 

Midwest Otolaryngology academic and community clinics largely mirror those of the 

general population, with high rates of vaccine-naïve or under-vaccinated patients who could 

benefit from a point-of-care, on-site HPV vaccination program. In fact, vaccination rates 

among the Otolaryngology patients evaluated in this study were lower than both Minnesota 

state and national vaccination rates, according to the 2018 National Immunization Survey 

(NIS) and Minnesota Immunization Information Connection (MIIC) (13–17 years).22 In 

addition, a Midwest HPV POCV program within Otolaryngology practices has the potential 

to catch patients who are both due and late for their vaccination, without significantly 
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impacting patient appointment schedules. Finally, this program has the potential to provide a 

significant benefit to male patients, especially over the age of 18.

Vaccination rates within Otolaryngology clinics were lower than expected when compared 

to NIS and MIIC rates. For example, among Otolaryngology patients aged 13–17, 65% 

(1470/2263) had received at least one dose of the HPV vaccine, compared to 68% of 

adolescents nationwide and 76% in Minnesota.22 Only 50.0% (1131/2263) of Oto-HNS 

adolescents had completed their HPV vaccination series, which is comparable to 51% 

nationally, but below state rates of 58% in Minnesota.23 The low rate of HPV vaccination 

among Otolaryngology patients highlights the potential to target missed opportunities (MO) 

at Otolaryngology appointments. Missed clinical opportunities to strongly recommend and 

administer the HPV vaccine are considered one of the most important reasons for HPV low 

series completion.24 MOs have been defined as an event where an eligible patient is due 

for a vaccine dose at an appointment, but that dose was not administered.25,26 MO analysis 

in OBGYN clinics showed 67.1% of vaccine eligible women had at least one MO.25 This 

is largely in line with the cohort studied here, where 65.7% of patients had at least one 

MO. Moreover, it is notable that thousands of MO were identified within a relatively small 

specialty at a single institution, highlighting the sheer scale of HPV under vaccination more 

broadly across all medical encounters.

The percentage of patients with at least one MO among males was even higher, at 76.1%. 

This is particularly relevant because HPV-mediated OPSCC is ten times more common in 

males than females. Several factors have likely contributed to this discrepancy. Importantly, 

the relationship between HPV infection and oropharyngeal cancer is a relatively new 

discovery; indeed, the HPV vaccine did not receive FDA approval for the prevention of 

head and neck cancers until 2020.8 Consequently, this new knowledge has not yet fully 

permeated the medical community, resulting in understandably low awareness of the role of 

HPV vaccination in head and neck cancer prevention among both patients and providers.27 

Another probable reason for this sex-mediated vaccine discrepancy could be the continuity 

of care that female patients have with OBGYN providers, who are frequently equipped 

to administer the HPV vaccine. Finally, targeted marketing campaigns associating the 

HPV vaccine with protection from cervical cancer, which strongly associates the risk of 

malignancy with the sexual transmission in females and typically does not address the risk to 

males, may also have played a role in low vaccination rates among males.28

While primary care providers represent a critical first line in the distribution of HPV 

vaccinations to eligible patients, surgical subspecialties, especially those who treat HPV-

mediated diseases, may be particularly impactful in supporting primary care vaccination 

efforts. In addition to helping increase HPV vaccination rates, Otolaryngologist can provide 

patient education on HPV-related diseases of the head and neck including oropharyngeal 

cancer, RRP, and inverted papilloma, among others. The implementation of vaccination 

clinics by OBGYN providers has improved female HPV vaccination rates. A clinical 

interventions bundle, including offering no-cost HPV vaccination, initiated at an OBGYN 

clinic resulted in statistically significant increases in patients both initiating and completing 

the HPV vaccination series, with an increase of 29.7% and 20.3% respectively.25 A 2021 

study by Torabi et al demonstrated that only 30.6% of patients understood the relationship 
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between HPV infection and OPSCC, and that learning about this relationship may increase 

vaccine uptake.27 This study also revealed 36% of patients selected an Otolaryngologist 

as their ideal way to be educated on HPV’s role in OPSCC.27 Otolaryngology practices, 

including those with an imbedded Audiology practice who see a significant number of 

eligible patients, are in a unique position to speak to HPV related diseases, see a large 

volume of both adolescent male and female patients who are due for HPV POCV, may be 

able to give a strong recommendation for vaccination, and facilitate its administration to 

decreased MO and increase community vaccination rates.

One consideration for Oto-HNS providers is whether adding vaccination capabilities would 

place a significant burden on the clinic to make vaccination fiscally or logistically unviable. 

Further studies are needed to assess the financial impact, training of staff, and logistics 

of storing and ordering vaccines. Government-sponsored programs such as the Vaccines 

for Children (VFC) program provide the vaccine free of charge to providers for those 

patients 18 years and younger and permit them to bill up to $21.22 per dose to the patient’s 

insurance. Of the 5,422 patients requiring at least one vaccine dose, only 10.6% (n = 579) 

would have been eligible for their final dose at the time of their visit. The remaining patients 

would need to schedule at least one follow-up visit to be considered fully vaccinated, either 

with Otolaryngology or their primary care provider. Notably, 43% (3679/8532) of patients 

were seen by Oto-HNS at least twice over the course of a year, suggesting that many patients 

requiring more than one dose could potentially incorporate their vaccine doses in their 

follow-up appointments.

This study has several limitations. First, the retrospective nature of the study precludes 

further understanding of what, if any, reasoning underlies why a patient has not completed 

their HPV vaccination series. Second, over a quarter of the patients seen (27.7%) were 

excluded based on our exclusion criteria of incomplete vaccination records and opting 

out of Minnesota Research Authorization. In addition, this study was limited to a 

relatively homogeneous population of mostly White, non-Hispanic/Latino patients living 

in the Midwestern United States, and therefore may not be generalizable to more diverse 

populations. Finally, this study does not investigate the willingness of patients to receive 

an HPV vaccination in an Oto-HNS clinic, or Otolaryngology provider’s comfort with 

or willingness to give a strong recommendation for the vaccine and administer it within 

their clinic. Despite these limitations, the results included in this study reveal that an 

HPV vaccination clinic offered by Otolaryngology departments would provide thousands 

of opportunities to improve HPV vaccination and decrease MO within our communities. 

Future research efforts should focus on the implementation of an HPV vaccination clinic 

in the Otolaryngology department and evaluate its effectiveness in eliminating MO. While 

it is important to investigate all opportunities to improve patient vaccination rates, the 

most effective way to increase overall vaccination rates may be to implement an on-site 

vaccination program integrated into clinic operations that allow patients to be vaccinated 

without further scheduling, referrals, or appointments.
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CONCLUSION

This study demonstrates that Oto-HNS clinics see a significant number of patients who 

would benefit from point-of-care HPV vaccination (58.4%), and that many of these 

opportunities occur when patients visit general Oto-HNS, audiology, or pediatric Oto-HNS. 

Moreover, males are particularly likely to benefit from point-of-care HPV vaccination as 

Otolaryngologists are uniquely prepared to discuss oropharyngeal cancer with their patients. 

These results support the development of a pilot vaccination program within Oto-HNS 

providers.
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Fig. 1. 
HPV vaccination status by age group and sex. (A) Patient vaccination status divided by sex 

and patient age group; values within each bar subset depict percentage of patients within the 

given age group and sex. (B) Rates of vaccination series completion by age and sex. Bar 

graph values depict percentage of fully vaccinated patients within given sex and age at time 

of visit, while line graph values depict the total number of fully vaccinated patients within 

specified age and sex. Dashed line at 80% represents the Healthy People 2030 vaccination 

goal
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Fig. 2. 
Patient vaccination status by visit type. (A) Vaccination status by age group, divided 

as either seen in community Oto-HNS clinic (Oto-Comm), or at a tertiary care center 

(Oto-Acad). Values within each bar subset depict percentage of patients within the given 

age group and visit type. (B) Vaccination status by subspecialty within Oto-HNS visit. 

Values in graph represent number of patients represented by each bar subset. Other contains 

general Oto-HNS, Audiology, Pediatric Oto-HNS, Rhinology, Neurotology, Laryngology, 

Speech Language Pathology (SLP), Head and Neck Cancer (H&N), Facial Plastic and 

Reconstructive Surgery (FPRS), Oto-HNS Physical and Occupational Therapy, Oto-HNS 

Allergy, Oto-HNS Medical Genetics, and Unknown
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Fig. 3. 
Patients eligible for point-of-care vaccination by age group. After dividing patients by 

age group, partially vaccinated patients were categorized either as eligible or ineligible 

for point-or-care vaccination, based off the date of their most recent vaccine dose and 

vaccine scheduling parameters. Unvaccinated and eligible partially vaccinated patients were 

categorized as eligible for a point-of-care (“Point-of-care” in graph) vaccine dose. Patients 

were categorized as eligible for next vaccine dose scheduling (“Scheduled” in graph) if they 

had received their vaccine dose too recently to receive an additional dose at the time of their 

visit. Values in graph bars represent the percent of patients represented by the bar subset 

within a given age group
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TABLE II.

Odds Ratio Estimates for the Association Between Full Vaccination Status and Patient Demographics in 

Patients 9 to 26 Years of Age Presenting to Otolaryngology Clinic.

Effect (n) Patient count (%) OR (95% CI) p-value

Oto-HNS site

 Oto-Comm 5177 (61%) 1.1 (1.0, 1.2) 0.11

 Oto-Acad 3355 (39%) Ref -

Race/ethnicity

 Non-white hispanic 238 (3%) 1.3 (1.0, 1.7) 0.00

 Non-white non-hispanic 546 (6%) 0.9 (0.7, 1.1) 0.64

 White hispanic 209 (2%) 1.2 (0.9, 1.6) 0.01

 Other 222 (3%) 0.6 (0.4, 0.9) 0.04

 Unknown 173 (2%) 0.4 (0.3, 0.6) <.0001

 White non-hispanic 7144 (84%) Ref -

Sex

 Female 4612 (54%) 2.5 (2.2, 2.7) <.0001

 Male 3920 (46%) Ref -

Age group

 Age 9–12 2560 (30%) 0.2 (0.1, 0.2) <.0001

 Age 13–17 2263 (27%) 1.3 (1.2, 1.4) <.0001

 Age 18–26 3709 (43%) Ref
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