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Abstract

Introduction: Human papillomavirus (HPV) vaccination rates nationally are low. This study 

determined if an electronic point-of-care prompt in the retail clinic setting increases HPV 

vaccination rates among an eligible population.

Study design: An interrupted time series assessed change in weekly HPV vaccination rates with 

the introduction of an electronic point-of-care prompt and rate change in post-intervention period.

Setting/participants: The study sites were two similar retail care clinics in Rochester, 

Minnesota. Participants were patients who presented to the retail clinics setting between the ages 

of 9 and 26 years from September 12, 2016, to September 30, 2017.

Intervention: HPV vaccine (nonavalent) was made available at both retail clinics. Staff 

completed a 2-hour lecture on HPV vaccine and one-on-one training for use of the prompt. Pre- 

and post-intervention rates of HPV vaccination after initiation of electronic point-of-care prompt 

were measured. A satisfaction survey was given to all patients or parents/guardians between the 

ages of 9 and 26 years regardless of HPV vaccine status.

Main outcome measures: HPV vaccination rates per week before and after the introduction of 

the electronic point-of-care prompt along with satisfaction with HPV vaccine availability and the 

point-of-care prompt in the retail clinic setting. Data analysis was completed January 2018.
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Results: The point-of-care prompt increased the median weekly HPV vaccination rate by 8.6 per 

100 patient visits (95% CI=5.8, 11.5, p<0.001). Patients thought it was convenient having HPV 

vaccine available and helpful to be reminded of the need for HPV vaccine.

Conclusions: This study demonstrates a significant increase of HPV vaccine rates in the retail 

clinic setting with use of a point-of-care prompt.

INTRODUCTION

Experts recommend all U.S. children complete the human papillomavirus (HPV) vaccine at 

age 11–12 years. Yet, among adolescents aged 13–17 years living in the U.S., in 2016 only 

43.4% of adolescents (49.5% of females, 37.5% of males) were up-to-date with the HPV 

vaccination series.1 This compares poorly with rates of tetanus, diphtheria, acellular 

pertussis vaccination (88.0%) and the first dose of meninigococcal vaccine (groups A, C, W, 

Y) (82.2%)—both due at age 11–12 years as well. All three were first recommended by the 

Advisory Committee on Immunization Practice (ACIP) within 2 years of each other.1–5 The 

Healthy People 2020 goals call for 80% of all adolescents aged 13–15 years to receive each 

of these vaccines.4 The HPV vaccine has been found to be safe and effective, yet there are 

still significant barriers to increasing vaccination rates. Studies indicate poor vaccination 

with HPV has resulted from a variety of factors including lack of a clear healthcare provider 

recommendation, lack of parental awareness of the vaccine and the ACIP recommendation, 

lack of adolescent utilization of routine health care, concern about the vaccine’s effect on 

sexual behavior, and the perceived low risk of HPV infection and risk of cancer.1–5

Point-of-care prompts deliver healthcare providers patient specific alerts for services due, 

typically preventive in nature. In the case of vaccines, the point-of-care prompts utilize the 

patient’s age and vaccination record. Multiple systematic review research studies have 

demonstrated that point-of-care prompts can improve HPV vaccination rates in the 

adolescent population.6–10 Additionally, one systematic review found that not only are 

reminder strategies highly effective, expanding HPV vaccine availability to locations other 

than primary care offices can also improve HPV vaccine uptake.10

Retail clinics have increasingly offered preventive health services, such as health physicals, 

screenings, immunizations, and wellness programs.11 Immunizations are available at almost 

all retail clinics.12 Retail clinics overcome obstacles to traditional office-based health care by 

requiring no appointments and offering extended evening and weekend hours.11 Although it 

is unknown how many retail clinics are integrated into healthcare systems, almost all retail 

clinics have EMRs that integrate evidence-based guidelines.13

The primary objective of the study is to determine whether an electronic point-of-care 

prompt utilizing the patient’s electronic vaccination record indicating HPV vaccine-dose 

eligibility as compared with no electronic point-of-care prompt will increase the uptake of 

HPV vaccine for a population of patients presenting at retail clinics. A secondary objective 

of the study is to assess the attitudes and perceptions of patients toward the point-of-care 

prompt through a confidential survey.
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METHODS

Study Population

The study sites were two similarly sized retail care clinics located in shopping areas, in 

Rochester, Minnesota, both owned and operated by Mayo Clinic. The retail clinics’ titles are 

“Mayo Clinic Express Care.” These clinics are open to the public and available to 

empaneled primary care patients of Mayo Clinic cared for in the Southeast Minnesota 

region. Empaneled patients are defined as those who have a primary care provider at Mayo 

Clinic. Mayo Clinic Employee and Community Health initiative is a collaborative of Mayo 

Clinic’s primary care departments and provides primary care for >151,000 empaneled 

patients who are cared for at seven full-service clinical practices and two retail clinic sites. 

The Employee and Community Health retail clinics receive walk-in patients aged from 18 

months to 75 years, 7 days a week with extended hours on weekdays, and are staffed by 

certified nurse practitioners and licensed practical nurses. The study population included a 

community-based cohort of empaneled primary care patients, males and females between 

the ages of 9 and 26 years from September 12, 2016, to September 30, 2017, who presented 

to either retail clinic. Data analysis was completed January 2018.

Measures

The study began by making the HPV vaccine available on September 12, 2016, at both retail 

clinics. Clear visible signage was posted indicating the HPV vaccine availability and charges 

for the HPV vaccines required by state law. The signage also indicated that Minnesota 

Vaccines for Children were available,14 which is a state program of the federally funded 

Vaccines for Children program that provides free-of-charge vaccines to eligible children 

through age 18 years. Eligible children include those receiving state medical assistance, 

uninsured, and those who are American Indian or Alaskan Natives.14 All participating retail 

clinic staff (certified nurse practitioners and licensed practical nurses) attended a 2-hour 

lecture on August 10, 2016 (before the vaccine was made available), by the primary care 

practices’ immunization director. This lecture was on HPV vaccine efficacy, safety, and how 

to address vaccine hesitancy with patients and parents.

All staff received one-on-one training on usage of the electronic point-of-care prompts 2–4 

weeks before the prompting began. The point-of-care prompt utilized the Generic Disease 

Management System, which is a web-based knowledge delivery solution integrated in the 

electronic medical record that can support clinical decision making, such as the need for 

immunizations. Upon patient check-in, the Generic Disease Management System was 

generated from the electronic medical record; this included the patient’s clinic number, birth 

date, age, sex, last preventive services, and recommended actions for the patient. The 

Generic Disease Management System was printed and given to the patient or parent/

guardian (Figure 1). If the HPV vaccine was due, it was included in the list of recommended 

actions and stated which dose was needed (first, second, or third). The recommendations 

were pulled from the patient’s immunization records and calculated based off ACIP 

recommendations.
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On September 12, 2016, both retail clinics advertised via signage that the HPV vaccine was 

available. Starting that day on September 12, 2016, data from the patients’ medical records 

were collected on age; sex; race; HPV eligibility criteria (if they were due for HPV vaccine); 

dose recommended (first, second, or third dose); and receipt of the HPV vaccine. The 

weekly rates of HPV vaccine doses administered to the eligible empaneled primary care 

patients were measured for the entire study. Data were available for only those patients who 

had given prior authorization access to medical records research as required by Minnesota 

law. Of 3,572 individual visits that were eligible for the HPV vaccine, 3,234 had consented 

to medical records research, resulting in a 90.5% prior authorization rate for the study.

Beginning January 1, 2017, during the study period, Mayo Clinic adopted the ACIP 

recommendation for using a two-dose HPV vaccine rule for patients who had received their 

first dose of HPV vaccine before age 15 years and had not received a second dose 6 months 

after their first dose. After having the vaccine available for 22 weeks, on February 9, 2017, 

staff at the retail clinics started to utilize the electronic point-of-care prompt. The date was 

chosen to make sure there was appropriate power to test differences in HPV rates while not 

needlessly delaying the implementation of the prompt. Using simulation, it was determined 

that there was 85% power to detect an effect size of 2.5 (incident rate ratios [IRRs]), which 

was considered an acceptable clinical effect to the study team. The electronic point-of-care 

prompt utilized the patient’s electronic medical record to determine if that patient was due 

for a dose of HPV vaccine. It was an expectation for all staff to complete the prompt and 

provide the survey at the end of the encounter for all patients between the ages of 9 and 26 

years.

In a supplemental data analysis to the quantitative study, patient’s attitudes and perceptions 

were evaluated through a confidential voluntary survey. This survey had a cover letter 

attached, describing the intentions of the survey. It was given to all patients or parents/

guardians between the ages of 9 and 26 years regardless of whether they received a vaccine 

or not during the encounter and then returned in a confidential box after their visit. The 

survey was given for 22 weeks after the point-of-care prompting started on February 9, 

2017.

The survey requested demographic information of who completed the form (parent/guardian 

of patient or patient); age of the patient (9–11 years, 12–18 years, or 19–26 years); and sex 

of the patient. Agreement statements of yes/no were answered to questions: Having the HPV 
vaccine available in Express Care is convenient; Being reminded of the HPV vaccine during 
my visit is helpful; I will consider getting future vaccinations for myself or my child at 
Express Care; and I would recommend vaccination at Express Care to others. Overall 

satisfaction of convenience, quality of care, and experience was also included in the survey.

Statistical Analysis

Demographic characteristics and utilization measures were compared across pre-prompt and 

post-prompt categories using chi-square tests for categorical variables and Wilcoxon rank-

sum tests for continuous variables (Table 1). The weekly captured opportunities (count of 

HPV vaccines per number of eligible patients seen) were determined and modeled in both 

pre-prompt and post-prompt periods using LOESS (locally weighted scatter-plot smoother) 
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curves to account for any nonlinearity. For ease in interpretation period, Poisson regression 

models were used to estimate the change in rates. A total of six periods were tested: 0–20 

weeks (reference); and 22–28, 29–34, 35–40, 41–47, and 48–56 weeks. The reason for 

multiple time periods is that the authors wanted to assess nonlinearities based on results of 

the LOESS curve. The categories used were to keep each period to be roughly 6 weeks in 

length. Additionally, Poisson regression models were adjusted for other covariates 

associated with HPV vaccination, such as age, race, sex, and HPV series dose (Table 2). 

Further testing was carried out by changing the reference category from 0–20 weeks to 41–

47 weeks to see if there were any significant differences between the post-periods. Results 

from the Poisson regression are presented as IRRs with 95% CIs. All analyses were 

performed by using R, version 3.2.3, software. Statistical comparisons were two-sided and 

were considered significant at the p<0.05 level.

This study was approved by the IRB at Mayo Clinic, Rochester, Minnesota.

RESULTS

A total of 3,234 visits for empaneled patients ages 9 through 26 years were eligible to 

receive a dose of HPV vaccine. Table 1 compares the patients seen in the first 22 weeks (pre-

prompt) with the patients seen after the initiation of the electronic point-of-care prompt. 

There were no differences between the 1,469 eligible patient visits in the pre-prompt time 

period and the 1,765 patient visits in the post-prompt time period in terms of age, race/

ethnicity, visit site, or doses due. However, there was an increased statistical difference in 

females who were eligible to receive the HPV vaccine (p<0.01). Patients were counted at 

each visit in which they received a prompt. If a patient had multiple visits, they were 

counted multiple times. There were 532 (21%) patients who came in for multiple visits. A 

sensitivity analysis was completed to determine if this had an impact on the analysis by 

adding a random effect for patient and no clinically meaningful differences were found.

Of the 1,469 eligible patient visits that occurred in the pre-prompt time period, a dose of the 

HPV vaccine was administered in 29 (2%) of the visits. Of the 1,765 eligible patient visits 

that occurred in the post-prompt period, a dose of the HPV vaccine was administered in 207 

(12%) of the visits. The median weekly rate per 100 patients in the pre-prompt period was 

1.64 (IQR=0, 3.5). The median weekly rate per 100 patients in the post-prompt period was 

10.8 (IQR=6.4, 14.7). The median difference in weekly rates per 100 patients was 8.6 (95% 

CI=5.8, 11.5, p<0.001).

An increase in the weekly rate was found in the post-period as shown in Figure 2. In a 

secondary analysis, Poisson regression showed that the rate was highest in the 22–28-week 

period with a statistically significant attenuation seen at the 41–47-week period (Table 2). As 

shown in Table 2, Asians were statistically more likely than whites to get vaccinated 

(p=0.02). There was no statistical difference in vaccination rates between females and males 

(p=0.28). Compared with the first dose of HPV vaccination, the second and third doses had 

statistically higher uptake (p<0.001). In testing for any variation between post-prompt 

periods, there were significant increases in the HPV vaccination rate for the 22–28-week 

period (IRR=2.29, 95% CI=1.38, 4.03) as well as the 29–34-week (IRR=2.00, 95% CI=1.17, 
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3.59) and 48–56-week periods (IRR=2.02, 95% CI=1.17, 3.64) compared with the lowest 

period of 41–47 weeks.

There were 2,663 patients who presented between the ages of 9 and 26 years during the 

intervention period who received the survey regardless of HPV vaccination status. Of the 

eligible patients or parents/guardians in the survey time period, 1,475 completed the survey, 

for a response rate of 55%. A total of 40.3% were completed by the patient and 59.7% were 

completed by a parent or guardian. There were 26.3% of patients between age 9 and 11 

years, 42.5% between 12 and 18 years, and 31.2% were between 19 and 26 years. Lastly, 

62.5% of the patients reported to be female.

In regard to the overall care received, 98.2% reported being completely satisfied or satisfied 

with convenience, 98.8% reported being completely satisfied or satisfied with the quality of 

care, and 98.2% completely satisfied or satisfied with the overall experience. A total of 

88.8% of patients reported prompting for the HPV vaccine. Of the 1,310 patients reporting 

prompting, 97.5% reported it was convenient having HPV vaccine available at Express Care, 

91.6% reported it was helpful being reminded of HPV vaccine during the visit, 94.6% 

reported that they would consider getting future vaccinations at Express Care, and 96.6% 

reported they would recommend vaccination at Express Care to others.

DISCUSSION

This study demonstrates a significant increase of HPV vaccination rates in the retail clinic 

setting with the use of the point-of-care prompt. Patients and parents found it convenient 

having HPV vaccine available and helpful being reminded of HPV vaccine during the visit. 

This may be the first study to demonstrate the impact of a point-of-care prompt in the retail 

clinic setting for HPV vaccines. Studies have shown that point-of-care prompts increased 

HPV vaccine uptake, but none were conducted in retail clinics.6–10 In the U.S., males have 

overall lower HPV vaccine uptake compared with females, in this study there was no 

statistical difference in vaccination at the retail clinics between females and males.15

There was a modification to the study when changes from the ACIP recommended 

eliminating the third dose for those who began the series before age 15 years and increased 

the interval for the second dose. This recommendation would have decreased the number of 

second doses due in the first 6 months of the recommendation and eliminate the number of 

third doses due for many patients. Thus, this change arguably would have worked against the 

number of patients who were eligible for vaccination.

The literature supports the importance of giving the vaccine to pre-adolescents when their 

immune response is strongest to the vaccine.16 Fortunately, those who have minor acute 

illnesses, such as diarrhea, cold symptoms, or sore throats, with or without fevers, may still 

be safely vaccinated.17 Retail clinics nationally are increasingly integrating with healthcare 

systems, and it is not unusual for retail clinics to share a common electronic health record 

such as in this study.

During the implementation process, it was frequently observed that if the parent or patient 

refused due to illness, awareness of the vaccine availability was provided. There was no data 
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collected regarding reasons for refusals or for those who expressed willingness to come in 

for future vaccines. This increased awareness for HPV vaccine need and availability was not 

captured in the data analysis.

Limitations

There were several limitations to this study. One limitation was reliance on the staff to 

prompt the patient about vaccine status and give the survey to the patients. Anecdotal 

observations during the study found that providers and nurses who were hesitant about the 

HPV vaccine may have been less compliant with completing the point-of-care prompt. 

Reasons such as concerns about vaccine efficacy and effectiveness were mentioned, which is 

consistent with literature regarding HPV vaccine barriers.18 Another limitation was the study 

population consisted primarily of citizens of Southeastern Minnesota. This mainly white 

population is highly “medically influenced,” because the largest local employer is Mayo 

Clinic. Furthermore, patients in this setting are seen for acute minor illnesses, which might 

have influenced parents’ decisions of vaccinating their ill child. The fastpaced nature of the 

environment may have impacted the decision for parents and patients to vaccinate based on 

time restraints. There was the potential for bias with the survey administration in that it 

could have been completed more than once and caused the population to be inadequately 

represented in the sample.

There was attenuation in weeks 41–47. This may have been because of a concurrent study 

started at the retail clinics around the same time that lessened the attention to the prompts. 

However, this trend did not continue into the next time period, suggesting unexplained 

variation occurring in addition to an effective prompt. It was also noted that no vaccines 

were given in the pre-intervention period around January, which may have been because of 

the peak influenza illnesses and the severity of sickness in eligible patients. There is need to 

do further research to determine if vaccination rates would continue to vary by season. 

Overall, there was still higher HPV vaccine rates post-intervention than pre-intervention.

CONCLUSIONS

This study demonstrates a significant increase of HPV vaccine rates in the retail clinic 

setting with the use of the point-of-care prompt that utilized the patients’ electronic medical 

records. The increased growth of retail clinics and using point-of-care prompts in electronic 

medical records provides additional opportunities for improving HPV vaccine uptake. Point-

of-care prompts in the retail clinics may pave the way for addressing other lapses in routine 

immunizations and preventive services.
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Figure 1. 
Point-of-care prompt.

EPSDT, early periodic screening diagnosis and treatment; BP, blood pressure; OFC, 

occipital frontal circumference; PHQ-9, Patient Health Questionnaire 9; EMR, electronic 

medical record; HDL, high-density lipoprotein; LDL, low-density lipoprotein; AME, Ask 

Mayo Expert; CPM, care process model; HPV, human papillomavirus; Rec., recommended.
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Figure 2. 
Weekly rates of HPV vaccine per 100 eligible patients’ pre-prompt and post-prompt.

HPV, human papillomavirus.
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