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ABSTRACT

OBJECTIVE: We sought to determine if our recent trial of
human papillomavirus (HPV) vaccine uptake improved influ-
enza, meningococcal ACWY, and tetanus-diphtheria-acellular
pertussis (Tdap) vaccine uptake.

MEeTHODS: We conducted a secondary analysis of our 4-year
factorial stepped—wedge cluster-randomized trial of 6 primary care
practices affiliated with the Mayo Clinic. We restricted our analysis
to those adolescents 11- to 12-years-old due for at least 1 of 3
vaccines in addition to HPV. Trial arms included 1) usual care, 2)
mailed reminder-recall letters to parents of empaneled adolescents
following their birthdays alerting parents to the need for HPV
vaccination and other vaccines due, 3) monthly confidential audit-
feedback reports to providers sent via intracampus mail comparing
rates of HPV vaccination for that provider with others, and 4) both
interventions. Outcomes included receipt of influenza, meningo-
coccal ACWY, and Tdap vaccines during the study step.
REsuLTs: Among trial participants, 8698 adolescents were
due for >1 dose HPV and at least 1 of the other vaccines. The

parent reminder-recall resulted in a clinically and statistically
significant increase in uptake of the other vaccines (odds ratios
ranging from 1.44-1.86, all 95% confidence intervals above
1.13) as it did in combination with the provider audit-feedback.
Provider audit-feedback alone had no statistically significant
impact.

ConcLusIONS: The parent reminder-recall substantially im-
proved uptake of all 3 vaccines, whereas the provider audit-
feedback did not. This made sense as the reminder-recall
treated all vaccines as equally recommended without a focus
on the HPV vaccine due, while the audit-feedback only re-
ported the provider’s success with HPV vaccine uptake.

Keyworbs: child; medical audit; parents; reminder systems;
vaccines
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WHAT’s NEw

Parent reminder-recall letters substantially improved
the uptake among 11-to-12-year-old of the influenza,
meningococcal ACWY, and Tdap vaccines due in
addition to the human papillomavirus vaccine with
odds ratios of 1.86, 1.44, and 1.47 respectively, when
adjusted for age and sex.

The Centers for Disease Control and Prevention (CDC)
recently reported a setback for the United States with
uptake of timely adolescent routine vaccination, including
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the uptake of the human papillomavirus (HPV), the me-
ningococcal conjugate (MenACWY), and the adolescent/
adult tetanus-diphtheria-acellular pertussis (Tdap) vac-
cines.' The proportion of 13- and 14-year-old adolescents
with up-to-date vaccines was significantly lower among
the 2008 birth cohort than the previous birth cohort for
each of the vaccines.'” Influenza vaccine uptake has si-
milarly fallen in past years in this age group.’

We recently completed a 4-year, factorial stepped—
wedge cluster-randomized trial of 6 primary care practices
affiliated with Mayo Clinic.” That trial compared parent
reminder-recall letters recommending the HPV vaccine
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due along with the influenza, MenACWY, and Tdap
vaccines if due as well, provider audit-feedback reporting
HPV vaccination only, and the combination of both
against usual care regarding impact on uptake of the HPV
vaccine.”” The online Supplemental Material for the
original trial report includes templates for the parent re-
minder-recall letter and provider audit-feedback.” Usual
care included routine recommendation of HPV vaccina-
tion at 9 years of age, electronic point-of-care prompts for
vaccines due, participation in Vaccines for Children, and
nursing vaccine protocols (standing vaccine orders).”©
All of these practices were well established long before
the beginning of the trial. Of note, all 6 practices sup-
ported a collaborative school-located influenza im-
munization  program.” Our  stepped-wedge trial
demonstrated a large improvement in the uptake of HPV
vaccine following the single intervention of parent re-
minder-recall and somewhat larger improvement fol-
lowing the combined interventions of parent reminder-
recall and provider audit-feedback.” Of note, we found no
improvement in the uptake of HPV vaccine following the
single intervention of provider audit-feedback.

In this analysis, we aimed to explore whether inter-
ventions targeting HPV vaccination also positively influ-
ence the uptake of other adolescent vaccines. We
hypothesized that the combined interventions would also
improve uptake of other vaccines due in these partici-
pants. The parent reminder-recall also noted the influenza,
MenACWY, Tdap vaccine if due and the provider audit-
feedback reports, although focused on HPV vaccination,
highlighted approaches in making strong recommenda-
tions with presumptive language and addressing vaccine
hesitancy in the office that easily generalize to non-HPV
vaccine doses due. We sought to determine if the trial
interventions had a secondary benefit of improving uptake
of other vaccines due, including influenza, MenACWY,
and Tdap vaccines, among those 11- and 12-year-old
adolescents due for HPV vaccine and at least 1 of the
other vaccines.

METHODS

OVERVIEW

The protocol for the original trial was registered
(ClinicalTrials.gov, NCT03501992, April 18, 2018) and
published.” Our Institutional Review Board formally re-
viewed and approved the trial as minimal risk and waived
the formal child assent, parent permission, and provider
consent processes given the level of risk and the im-
practicality of individual informed consent processes. We
evaluated individual and combined effects of the 2 evi-
dence-based interventions on HPV vaccination rates. We
employed a stepped-wedge design to evaluate the impact
of each intervention in each practice. This design allowed
each practice to serve as its own control, thereby reducing
potential bias due to imbalanced risk factors across
practices.” The stepped-wedge allocation incorporated a
factorial design, which enabled evaluation of the impact
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of interventions individually and in combination within a
. . 19 . . .

single trial.” The trial details and the primary results were

published previously.”

RESEARCH SETTING

We conducted the trial in 6 Mayo Clinic primary care
practices staffed with salaried pediatricians, family med-
icine physicians, advanced practice providers, and re-
sident trainees in southeastern Minnesota. All practices
provide care to empaneled adolescent patients who are
assigned to a specific clinical practice and a specific
health care provider. All 6 practices welcome children
with state medical assistance, participate in Vaccines for
Children, and serve a mixture of urban, suburban, and
rural families.

Empaneled patients must either reside within the prac-
tice catchment area as defined by zip code for 6 months of
the year or attend day care or school in Rochester or
Kasson, Minnesota. Patients must not have an established
primary care provider elsewhere. Exceptions include
those who are unhoused or in transitional or mobile
housing. Empaneled patients are assigned to a physician
or advanced practice provider.

EuaGBILITY

For each practice during each of the 4-year-long steps, we
identified age- and dose-eligible adolescents using ACIP
guidelines'’ each month (Table 1). Age-eligible adoles-
cents had an 11- or 12-year-old birthday in the preceding
month. Dose-eligible adolescents for the original trial
were those age-eligible adolescents due for a dose of HPV
vaccine on their birthdays.'' For the current study, we
further restricted eligibility to adolescents who were due
for a influenza, MenACWY, or Tdap vaccine by using the
medical record to ascertain receipt of valid doses re-
ceived, minimum ages, and minimum intervals.'” '®
Thus, a separate cohort was analyzed for each of the 3
vaccines. Of note, many of those who became 11 years of
age in 1 step would still be eligible in the next step as they
became 12 years of age. To be included, they would still
need at least 1 of the 2 doses of HPV vaccine and 1 of the
other vaccines, including influenza, MenACWY, or Tdap
vaccines.

ALLOCATION

Our factorial design consisted of 6 sequences of 4 12-
month steps as described in our previous publications™’
and as shown in our Consolidated Standards of Reporting
Trials flowchart as S1 in the Supplementary Material. Our
statisticians (J.H. and G.J.) grouped the 6 practices into 3
pairs matched for patient volume. They used block ran-
domization by computer software of pairs to ensure bal-
ance of patient volumes across the interventions. The
allocation sequence was developed by and known only to
the statistical team until the point of allocation. Inter-
ventions were randomized at the practice level. Each step
occurred over 1 year. Each practice participated in each
step. In step 1, we allocated all 6 practices to usual care.
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Table 1. The 4 Steps of the Stepped-Wedge Trial lllustrating How the 6 Practices Participated in the 2 Interventions With Those Turning 11 or 12 Years Old During the Yearlong Step

Step 4

Step 3

Step 2

Step 1

September 1, 2021-August 31, 2022

September 1, 2020—August 31, 2021

Parent reminder-recall letters

April 1, 2018-March 31, 2019  April 1, 2019-March 31, 2020

Parent reminder-recall letters and provider audit-

Usual care

Usual care

Clinical practice #1

feedback reports
Parent reminder-recall letters and provider audit-

Parent reminder-recall letters and provider audit-

Parent reminder-recall letters

Clinical practice #2  Usual care

feedback reports
Parent reminder-recall letters and provider audit-

feedback reports
Provider audit-feedback reports

Provider audit-feedback reports

Clinical practice #3  Usual care

feedback reports
Parent reminder-recall letters and provider audit-

Provider audit-feedback reports

Usual care

Clinical practice #4 Usual care

feedback reports
Parent reminder-recall letters and provider audit-
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Parent reminder-recall letters

Parent reminder-recall letters

Usual care

Clinical practice #5

feedback reports
Parent reminder-recall letters and provider audit-

Parent reminder-recall letters and provider audit-

Provider audit-feedback reports

Clinical practice #6  Usual care

feedback reports

feedback reports

In step 2, we allocated 2 practices each to usual care,
parent reminder-recall, and provider audit-feedback. In
step 3, delayed by 5 months due to the impact of the
COVID-19 pandemic on clinical routine, we allocated 2
practices each to parent reminder-recall, provider audit-
feedback, and the combination of both. In step 4, we al-
located all 6 practices to the combination.

INTERVENTIONS

UsuaL Care

All 6 practices participate in Vaccines for Children, use
the state immunization registry for immunization re-
conciliation, hold team huddles, offer nurse visits for
vaccination (standing orders), provide pain-preventive
measures such as vapocoolant sprays and lidocaine
creams, and have point-of-care prompts for vaccines
due.™” All 6 practices routinely recommend HPV vacci-
nation beginning at age 9 years, influenza vaccination
from September through June, and MenACWY as well as
Tdap vaccination at 11 years old.

PARENT REMINDER-RECALL

Each month, for the practices allocated to the parent re-
minder-recall intervention, we sent letters to parents of
eligible adolescents by US mail. The letters addressed all
vaccines due and not just the HPV vaccine. Reminder-
recall letters provided sources for additional information
and used presumptive language to convey a strong re-
commendation for the influenza, HPV, MenACWY, and
Tdap vaccines due,'”"'® described availability of topical
anesthetics to reduce injection pain, and emphasized the
convenience of nurse visits. A template for the parent
reminder-recall letter is available in the online
Supplemental Material for the original trial report.”

Proviper AupiT-FEEDBACK

Each month, for the practices allocated to the provider
audit-feedback intervention, we sent reports to providers
of that practice by confidential intracampus mail. The
reports included rates of successful receipt of HPV vac-
cine due among patients seen by that provider. The reports
also included information about access to online training
materials for making strong recommendations and ad-
dressing vaccine hesitancy. Notably, the audit-feedback
reports only included information on rates of HPV vac-
cination and did not include rates for influenza,
MenACWY, or Tdap vaccination. Our previous publica-
tions more completely describe these audit-feedback re-
ports.”” A template for the provider audit-feedback
template is available in the online Supplemental Material
for the original trial report.”

DATA CoOLLECTION

For each step, we extracted demographic data (age, sex,
race, and ethnicity) for eligible adolescents from the
electronic medical record. We extracted occurrences and
dates of all influenza, HPV, MenACWY, and Tdap
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vaccinations for these adolescents,
Procedural Terminology codes.

using Current

OuTcomEs

The primary outcome for this analysis was the receipt of a
dose of influenza, MenACWY, or Tdap vaccine due (re-
gardless of whether the eligible adolescent received the
HPV vaccine dose due) between the first day of their age-
and dose-eligible month until the last day of the corre-
sponding study step. Influenza vaccine eligibility began in
September and extended through June each year. The
MenACWY is due at 11 to 12 years of age. The Tdap
vaccine was due at 11 to 12 years of age, but we counted a
Tdap or Td (adolescent/adult Tetanus-diphtheria) vaccine
given at 10 years or older as satisfactorily completing the
dose due. We counted doses of vaccine received during
the period from the time the adolescent became eligible
until the end of the step as satisfactorily completing the
dose due. Of note, the electronic medical records at all 6
practices link to the Minnesota Immunization Information
Connection state registry and all Minnesota pharmacies
and the regional school-located influenza immunization
program participate in the state registry. Thus, vaccines
administered in pharmacies or schools were documented.

SAmPLE Size AND PowER

For the primary study of HPV uptake, we used simulation
to estimate power for detecting effects assuming up to 800
subjects per practice for the 6 practices.”” Final enroll-
ment was 795 to 2900 per practice. Using the original
simulation, we conservatively anticipated 90% power to
detect odds ratios (OR) smaller than 1.2.

STATISTICAL ANALYSES

We summarized demographics and vaccine eligibility by
intervention status. To assess whether randomization was
successful in balancing age, sex, race, and ethnicity, we
reported the maximum standardized mean difference
across the 6 contrasts of the 4 intervention states. Because
follow-up time varied according to the month of elig-
ibility, we also summarized days from the first day of the
eligibility month to the end of the step. We analyzed all
adolescents on an intention-to-treat basis.'"” We used
generalized linear mixed models to assess the effects of
the interventions overall.'” Our main model was a mixed-
effects logistic regression model as detailed in the pro-
tocol.” Specifically, for each vaccine, we estimated a
single mixed-effects logistic model where vaccination
status was the outcome; each model included an indicator
for intervention status (usual care omitted as reference),
indicators for study steps to account for time effects (step
1 omitted as reference), and a random effect for practice.
For each model, we report the ORs corresponding to the 3
intervention indicators, with 95% confidence intervals
(CI), and the Wald P value for the joint hypothesis that
the 3 indicators (ie, the effect of the 3 interventions re-
lative to usual care) are 0. For mixed-effects models, we
report between-practice variance.

Acapemic PEDIATRICS

We conducted 2 sensitivity analyses. First, we re-esti-
mated the primary and secondary models adjusting for
factors that were imbalanced across intervention groups.
Second, because of the small number of practices, esti-
mation of between-practice variance may give biased re-
sults, we replicated the primary models using
generalized estimating equation models. Generalized es-
timating equation models account conservatively for
clustering of outcomes and have been shown to be least
biased and more efficient than other models when there
are small clusters and no cluster-level predictors.”’ We
performed all analyses using Stata version 18 (Stata Corp,
College Station, Tex).

ResuLTs

Table 2 reports the distributions of demographic (age, sex,
race, and ethnicity) and vaccine status characteristics
(vaccine eligibility and average number of days of follow-
up to assess vaccination status) for the 8698 patients in-
cluded in this analysis who were due an HPV vaccine
dose and a least 1 other vaccine dose (influenza, Me-
nACWY, or Tdap) overall and by allocation step in the
trial. The distributions of characteristics by step were si-
milar with maximum standardized mean differences ran-
ging from 0.031 for age to 0.217 for race and ethnicity,
suggesting at most a modest imbalance.””

As shown in Table 3, in practices allocated to usual
care, 6.7% received the influenza vaccine, 29.9% received
the MenACWY vaccine, and 29.6% received the Tdap
vaccine. In practices allocated to parent reminder-recall,
16.7% received the influenza vaccine, 47.7% received the
MenACWY vaccine, and 47.5% received the Tdap vac-
cine. In practices allocated to provider audit-feedback,
11.8% received the influenza vaccine, 40.7% received the
MenACWY vaccine, and 41.4% received the Tdap vac-
cine. In practices allocated to the combination of both
interventions, 12.6% received the influenza vaccine,
49.5% received the MenACWY vaccine, and 49.3% re-
ceived the Tdap vaccine.

When these results were adjusted for age and sex, only
the intervention by parent reminder-recall and the com-
bination of that with the provider audit-feedback resulted
in statistically significant improvements in uptake over
usual care (Table 4). The ORs for the parent reminder-
recall were for influenza, 1.86 [95% CI 1.29-2.67], for
MenACWY, 1.44 (95% CI 1.13-1.83), and for Tdap, 1.47
(95% CI 1.15-1.88). The ORs for both interventions in
combination were 1.67 (95% CI 1.06-2.63), 1.59 (95% CI
1.10-2.31), and 1.60 (95% CI 1.10-2.33) for influenza,
MenACWY, and Tdap vaccines, respectively. Provider
audit-feedback alone had no statistically significant effect
(all ORs had CIs which included 1).

We obtained comparable results for a secondary ana-
lysis where we also adjusted for race and ethnicity due to
the imbalance as reported in Table 2. Again, only the
intervention by parent reminder-recall and the combina-
tion of that with the provider audit-feedback resulted in
statistically significant improvements in uptake. As shown
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Table 3. Frequency of Receipt of Other Adolescent Vaccines Due Among Adolescents Due for a Dose of HPV Vaccine by Intervention

Usual Care Parent Reminder-Recall ~ Provider Audit-Feedback  Combination of Both
n (%) Letter Report Interventions
n (%) n (%) n (%)
N 3380 1572 1262 2484

Flu vaccine received 188/2786 (6.7)
MenACWY vaccine received 866/2894 (29.9)
Tdap vaccine received 840/2841 (29.6)

223/1336 (16.7)
622/1304 (47.7)
609/1281 (47.5)

125/1056 (11.8)
412/1012 (40.7)
410/990 (41.4)

272/2156 (12.6)
956/1931 (49.5)
943/1911 (49.3)

HPV indicates human papillomavirus; MenACWY, meningococcal conjugate.

Table 4. Impact on the Receipt of Other Adolescent Vaccines Due With Respect to the Interventions Among Adolescents Due for a Dose

of HPV Vaccine in Reference to Usual Care

Adjustment Parent Reminder- Provider Audit- Both Interventions P Value
Recall Feedback Odds Ratio (95%
Odds Ratio (95% Odds Ratio (95% Confidence Intervals)
Confidence Intervals) Confidence Intervals)
Flu vaccine Age and sex 1.86 (1.29,2.67) 1.34 (0.93,1.93) 1.67 (1.06,2.63) .003
Age, sex, race, and ethnicity 1.80 (1.26,2.59) 1.29 (0.89,1.86) 1.57 (1.00,2.48) .004
MenACWY vaccine Age and sex 1.44 (1.13,1.83) 0.97 (0.75,1.25) 1.59 (1.10,2.31) <.001
Age, sex, race, and ethnicity 1.44 (1.13,1.83) 0.97 (0.75,1.25) 1.57 (1.09,2.26) <.001
Tdap vaccine Age and sex 1.47 (1.15,1.88) 1.01 (0.78,1.30) 1.60 (1.10,2.33) <.001
Age, sex, race, and ethnicity 1.47 (1.15,1.87) 1.01 (0.78,1.31) 1.57 (1.09,2.28) <.001

HPV indicates human papillomavirus; MenACWY, meningococcal conjugate; Tdap, tetanus-diphtheria-acellular pertussis.
Odds ratios and P values based on a mixed-effects logistic regression model accounting for practice effects and study step.

in Table 4, this further adjustment did not substantially
alter ORs, confidence intervals, or P values.

Discussion

We evaluated independent and combined effects of parent
reminder-recall and provider audit-feedback on vaccine
uptake among 11- and 12-year-old adolescents due for a
dose of HPV vaccine and at least 1 dose of influenza,
MenACWY, or Tdap vaccines. Both the parent reminder-
recall intervention alone as well as the combination with
audit and feedback substantially increased the odds of
receiving the influenza, MenACWY, and Tdap vaccines
due during the step. Provider audit-feedback alone,
however, failed to increase the odds of receiving the in-
fluenza, MenACWY, and Tdap vaccines due during
the step.

The absolute uptake of influenza vaccine was much
lower relative to the MenACWY and Tdap vaccines. In
the usual care group, less than 10% received the influenza
vaccine, and uptake improved only 10 absolute percen-
tage points in the parent reminder-recall group.
Improvement with MenACWY and Tdap vaccines sur-
passed influenza vaccine uptake. Uptake in the usual care
group for these other 2 vaccines was 3 times that of in-
fluenza and the parent reminder-recall group showed a
nearly 20 absolute percentage point increase. Given that
influenza vaccine is due yearly and given that 11-year-
olds had 1-to-2 more years before they were past due for
the MenACWY and Tdap vaccines at age 13 years, the
contrasting gap in uptake indicates we need to pursue
additional interventions to improve influenza vaccine
uptake especially.

In our original trial, provider audit-feedback (which
focused only on HPV vaccination rates and did not in-
clude other vaccinations) did not significantly increase
HPV vaccination, but, when combined with the parent
reminder-recall, it resulted in a significant increase in
vaccination uptake over reminder-recall alone, suggesting
a synergistic effect.” While parent-reminder-recall com-
bined with provider audit-feedback significantly increased
uptake of other vaccines due, the observed effect was not
significantly different than parent reminder-recall alone (P
values for influenza .505, for Tdap .569, and for Me-
nACWY .495) suggesting the observed increase was
driven by the parent reminder-recall.

Many studies have found reminder-recall interventions
to improve vaccine uptake for a variety of vaccines and
ages.”” However, the impact may vary or fail depending
upon the form of the message and the population re-
ceiving the message; in a recently published study, Szi-
lagyi et al found no impact of texting or portal messaging
upon influenza vaccine uptake.”* While our study did, we
note that we were communicating directly to parents by
their preferred means and tone (discerned through parent
interviews)—a mailed letter that did not single out a
vaccine as especially needed but treated each of the
vaccines due no differently from another.

Our success with parent reminder-recall and with the
combination of multilevel interventions is consistent with
other pragmatic trials of combined interventions to in-
crease adolescent vaccination, including the trial we pre-
viously reported.””” ' In a review of systematic reviews,
Briss et al showed that a variety of interventions targeting
practices, providers, and adolescents improved vaccine
uptake regardless of vaccine type or adolescent age.”
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Recommendations based on this review from the Task
Force on Community Preventive Services noted the evi-
dence supporting individual interventions, such as ado-
lescent reminder-recall and provider audit-feedback, but
noted a lack of evidence for the combination of these
evidence-based interventions.”’ Indeed, the task force
wrote, “The available scientific data do not provide clear
answers regarding how and when activities should be
combined.””” A recent systematic review reported 2 trials
of multicomponent interventions that improved adoles-
cent vaccine uptake but considered the results of low to
moderate certainty.”’ We need high-quality studies of
combinations of interventions.

LimITATIONS

The trial took place in just 6 clinical sites belonging to a single
health system in one area of the country. This potentially
limits generalizability. The sites, however, include practices
with and without residents in training as well as 2 family
medicine practices, 1 pediatrics practice, and 3 mixed prac-
tices in a variety of geographical settings in the region of
southeastern Minnesota that serve populations that are re-
presentative of the upper Midwest.”' We believe the findings
add substantially to the growing body of evidence supporting
interventions that primary care practices can adopt to improve
vaccine uptake despite growing vaccine hesitancy.

We were only able to determine the impact upon those
adolescents also due for an HPV vaccine. However, in our
practices as well as in practices across the United States,
most 11- and 12-year-olds are still due for a dose of HPV
vaccine. Moreover, these 6 practices all recommended
HPV vaccination as due at 9 years of age and not 11 or
12." Initiating the HPV vaccine at 9 years of age contrasts
with many primary care practices, albeit it recommended
by both the Minnesota Department of Health’ and the
American Cancer Society” and is permitted by the ACIP
recommendations.'' Thus, while we did not measure
vaccine hesitancy or complacency, those parents re-
ceiving the reminder-recall letters had already not com-
pleted the 2-dose HPV series and often had not initiated it
and may therefore have higher levels of hesitancy and
complacency than average.

Also, we only measured the impact for the duration of the
step, which was for the participating 11- and 12-year-olds a
median of 6.5 months.” The interventions may have continued
to improve vaccine uptake beyond those first months. Thus,
the impact we report here may be somewhat conservative
considering the potential long-term impact of the interven-
tions upon improving vaccine uptake.

As we previously reported, our trial was underway
during the COVID-19 pandemic. Early in the pandemic,
the Centers for Disease Control and Prevention re-
commended that health care providers delay none-
mergency and elective health care to minimize risk and
preserve health care capacity.” Several states, including
Minnesota, issued stay-at-home orders. Thus, we delayed
step 3 of the trial for a 6-month period. While significant
declines in pediatric rates of preventive services were
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observed during the COVID-19 pandemic, especially
during that 6-month period,”* our model accounted for
secular trends, and no data from the 6-month hiatus were
included in our cohort.

We did not study other vaccines for which the adoles-
cent may be past due. Similarly, we did not study the
uptake of COVID-19 vaccines once those were routinely
recommended to all in this age group.” This re-
commendation occurred late in our trial. We have no
evidence regarding the impact of parent reminder-recall
on COVID-19 vaccine uptake.

As previously mentioned, while the parent reminder-
recall letter addressed all 4 vaccines measured, the pro-
vider audit-feedback report only concerned the HPV
vaccine. We cannot rule out that a provider audit-feed-
back report that included the other vaccines might have
had a substantive impact on the uptake of those vaccines.

Of note, Minnesota has a school immunization mandate for
children entering seventh grade to have received the Tdap and
MenACWY vaccines (Minnesota Administrative Rules
4604.1010 and 4604.1020). School districts likely notified
households of rising seventh-grade students, likely to be 11 or
12 years of age, of this requirement. We did not attempt to
determine the role of this notification upon the impact of our
own interventions and cannot discount that it may have
played a role although it would likely impact similarly at
every step across all interventions and practices.

While our results support the adoption of parent re-
minder-recall to improve adolescent vaccination, we
cannot use these results to evaluate the effectiveness of
provider audit-feedback reports as a solitary intervention.

Finally, our observed effectiveness of the interventions may
not be generalizable to other populations and clinical settings.

ConcLusioNs AND RELEVANT IMPLICATIONS

The findings highlight the effectiveness of reminder-recall
letters in promoting a broad range of vaccinations si-
multaneously. Implementation of adolescent reminder-
recall—either alone or in combination with provider
audit-feedback—substantially increased the odds of in-
fluenza, MenACWY, and Tdap vaccination in those 11-
and 12-year-old adolescents who were also due for an
HPV vaccine. This reinforces the value of reminder-recall
systems as a multifaceted approach that can address
multiple vaccine needs at once. We recommend practices
adopt parent reminder-recall to improve vaccine uptake.
Future pediatric research may consider modifications of
provider audit-feedback to impact influenza, HPV,
MenACWY, and Tdap vaccination. A study of the com-
bination of evidence-based strategies among diverse po-
pulations as well as other ages and vaccines is warranted.

DATA AVAILABILITY
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Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 05,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



8 JACOBSON ET AL

of consent and assent. Data may be made available from
the corresponding author upon reasonable request.

DecLARATION OF COMPETING INTEREST

K.M. and J.H. have no competing interests to declare.
R.M.J. served as a member of a safety review committee
for a post licensure safety study of Gardasil (4vHPV) and
one for a post licensure safety study of Gardasil 9
(9vHPV). He also serves on a data-monitoring committee
for a series of trials of a 15-valent pneumococcal vaccine.
All these studies are funded by Merck & Co, Inc. J.L..S.
and R.M.J. receive funding from Moderna, Inc for a study
on infectious mononucleosis, a study on congenital cy-
tomegalovirus infections. L.J.F.R., GJ., JL.S., and
R.M.J. receive funding for a study of adult reminder-re-
call and provider education for COVID-19 and influenza
vaccination. R.M.J. also receives funding from Optum,
Inc, for research-related vaccine adverse events review.
JM.G,, LJFR., and X.Z. offer scientific input to re-
search studies through a contracted services agreement
between Mayo Clinic and Exact Sciences.

ACKNOWLEDGMENTS

The authors wish to acknowledge the support and gui-
dance we received from our dear friend, mentor, col-
league, coinvestigator, and collaborator Carmen Radecki
Breitkopf, PhD (deceased April 25, 2019), in the devel-
opment and execution of this work.

Financial statement: This research is supported by the
National Cancer Institute of the National Institutes of
Health under award number RO1CA217889. The content
is solely the responsibility of the authors and does not
necessarily represent the official views of the National
Institutes of Health. The National Cancer Institute of the
National Institutes of Health had no role in the design and
conduct of the study; collection, management, analysis,
and interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit the
manuscript for publication.

Authorship statement: L.J.F.R., J.L.S.S., JH., and
R.M.J. developed the trial design and drafted the trial
protocol; J.H. and G.J. developed the analytic and statis-
tical plan. All authors participated in the trial im-
plementation, manuscript development, and have read and
approved the final manuscript.

Access to data and data analysis: Gregory Jenkins, MS
and Jeph Herrin, PhD had full access to all the data in the
study and take responsibility for the integrity of the data
and the accuracy of the data analysis.

SupPPLEMENTARY DATA

Supplementary data associated with this article can be
found in the online version at doi:10.1016/j.acap.2025.
102870.

11.

16.

Acapemic PEDIATRICS

REFERENCES

. Pingali C, Yankey D, Chen M, et al. National Vaccination Coverage

Among Adolescents Aged 13-17 Years — National Immunization
Survey-Teen, United States, 2023. MMWR Morb Mortal Wkly Rep.
2024;73:704-714. https://doi.org/10.15585/mmwr.mm7333al

. Pingali C, Yankey D, Elam-Evans LD, et al. National vaccination

National
2021.

coverage among adolescents aged 13-17 years -

Immunization Survey-Teen, United States,
MMWR Morb Mortal Wkly Rep. 2022;71:1101-1108.

. Centers for Disease Control and Prevention, National Center for

Immunization and Respiratory Diseases (NCIRD). Flu vaccination
coverage, United States, 2022-23 influenza season. Updated
October 10. Available at: https://www.cdc.gov/flu/fluvaxview/
coverage-2223estimates.htm. Accessed December 14, 2023.

. Finney Rutten LJ, Griffin JM, St Sauver JL, et al. Multilevel im-

plementation strategies for adolescent human papillomavirus vac-
cine uptake: a cluster randomized clinical trial. JAMA Pediatr. 2023.
https://doi.org/10.1001/jamapediatrics.2023.4932

. Finney Rutten LJ, Radecki Breitkopf C, St Sauver JL, et al.

Evaluating the impact of multilevel evidence-based implementation
strategies to enhance provider recommendation on human papillo-
mavirus vaccination rates among an empaneled primary care patient
population: a study protocol for a stepped-wedge cluster randomized
trial. Implement Sci. 2018;13:96. https://doi.org/10.1186/s13012-
018-0778-x

. St Sauver JL, Rutten F, Ebbert LJ, et al. RM. Younger age at in-

itiation of the human papillomavirus (HPV) vaccination series is
associated with higher rates of on-time completion. Prev Med.
2016;89:327-333. https://doi.org/10.1016/j.ypmed.2016.02.039

. Brickley JL, Schmit TL, Finney Rutten LJ, et al. The Olmsted

County (MN) collaborative school-located influenza immunization
program: a population health case report. National Academy of
Medicine. Updated March 29. Available at: https://nam.edu/the-
olmsted-county-mn-collaborative-school-located-influenza-
immunization-program-a-population-health-case-report/. ~Accessed

December 14, 2023.

. Hemming K, Haines TP, Chilton PJ, et al. The stepped wedge cluster

randomised trial: rationale, design, analysis, and reporting. BMJ.
2015;350:h391. https://doi.org/10.1136/bmj.h391

. Lyons VH, Li L, Hughes JP, et al. Proposed variations of the

stepped-wedge design can be used to accommodate multiple inter-
ventions. J Clin Epidemiol. 2017;86:160-167. https://doi.org/10.
1016/j.jclinepi.2017.04.004

. Meites E, Szilagyi PG, Chesson HW, et al. Human papillomavirus

vaccination for adults: updated recommendations of the Advisory
Committee on Immunization Practices. MMWR Morb Mortal Wkly
Rep. 2019;68:698-702. https://doi.org/10.15585/mmwr.mm6832a3
Meites E, Kempe A, Markowitz LE. Use of a 2-dose schedule for
human papillomavirus vaccination—updated recommendations of the
Advisory Committee on Immunization Practices. MMWR Morb
Mortal Wkly Rep. 2016;65:1405-1408. https://doi.org/10.15585/

mmwr.mm6549a5

. Stokley S, Maurice E, Smith PJ, et al. Evaluation of invalid vaccine

doses. Am J Prev Med. 2004;26:34—40. https://doi.org/10.1016/.
amepre.2003.09.002

. Liang JL, Tiwari T, Moro P, et al. Prevention of pertussis, tetanus,

and diphtheria with vaccines in the United States: recommendations
of the Advisory Committee on Immunization Practices (ACIP).
MMWR Recomm Rep. 2018;67:1-44.

. Havers FP, Moro PL, Hunter P, et al. Use of tetanus toxoid, reduced

diphtheria toxoid, and acellular pertussis vaccines: updated re-
commendations of the Advisory Committee on Immunization
Practices—United States, 2019. MMWR Morb Mortal Wkly Rep.
2020;69:77-83.

. Mbaeyi SA, Bozio CH, Duffy J, et al. Meningococcal Vaccination:

Recommendations of the Advisory Committee on Immunization
Practices, United States, 2020. MMWR Recomm Rep. 2020;69:1-41.
https://doi.org/10.15585/mmwr.rr6909al (No. RR-9).

Grohskopf LA. Prevention and control of seasonal influenza with
Advisory Committee on

vaccines: recommendations of the

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 05,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


https://doi.org/10.1016/j.acap.2025.102870
https://doi.org/10.1016/j.acap.2025.102870
https://doi.org/10.15585/mmwr.mm7333a1
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref2
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref2
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref2
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref2
https://www.cdc.gov/flu/fluvaxview/coverage-2223estimates.htm
https://www.cdc.gov/flu/fluvaxview/coverage-2223estimates.htm
https://doi.org/10.1001/jamapediatrics.2023.4932
https://doi.org/10.1186/s13012-018-0778-x
https://doi.org/10.1186/s13012-018-0778-x
https://doi.org/10.1016/j.ypmed.2016.02.039
https://nam.edu/the-olmsted-county-mn-collaborative-school-located-influenza-immunization-program-a-population-health-case-report/
https://nam.edu/the-olmsted-county-mn-collaborative-school-located-influenza-immunization-program-a-population-health-case-report/
https://nam.edu/the-olmsted-county-mn-collaborative-school-located-influenza-immunization-program-a-population-health-case-report/
https://doi.org/10.1136/bmj.h391
https://doi.org/10.1016/j.jclinepi.2017.04.004
https://doi.org/10.1016/j.jclinepi.2017.04.004
https://doi.org/10.15585/mmwr.mm6832a3
https://doi.org/10.15585/mmwr.mm6549a5
https://doi.org/10.15585/mmwr.mm6549a5
https://doi.org/10.1016/j.amepre.2003.09.002
https://doi.org/10.1016/j.amepre.2003.09.002
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref11
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref11
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref11
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref11
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref12
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref12
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref12
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref12
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref12
https://doi.org/10.15585/mmwr.rr6909a1
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref14
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref14

Acapemic PEDIATRICS

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Immunization Practices - United States, 2023-24 influenza season.
MMWR Morb Mortal Wkly Rep. 2023;72:1170.

Opel DJ, Heritage J, Taylor JA, et al. The architecture of provider-
parent vaccine discussions at health supervision visits. Pediatrics.
2013;132:1037-1046. https://doi.org/10.1542/peds.2013-2037
Brewer NT, Hall ME, Malo TL, et al. Announcements versus
conversations to improve HPV vaccination coverage: a randomized
trial. Pediatrics. 2017;139:e20161764. https://doi.org/10.1542/peds.
2016-1764

Hussey MA, Hughes JP. Design and analysis of stepped wedge
cluster randomized trials. Contemp Clin Trials. 2007;28:182-191.
https://doi.org/10.1016/j.cct.2006.05.007

Maas CJM, Hox JJ. Robustness issues in multilevel regression
analysis. Stat Neerl. 2004;58:127-137. https://doi.org/10.1046/].
0039-0402.2003.00252.x

McNeish D, Stapleton LM. Modeling clustered data with very few
clusters. Multivar Behav Res. 2016;51:495-518. https://doi.org/10.
1080/00273171.2016.1167008

Austin PC. Balance diagnostics for comparing the distribution of
baseline covariates between treatment groups in propensity-score
matched samples. Stat Med. 2009;28:3083-3107. https://doi.org/10.
1002/sim.3697

Jacobson Vann JC, Jacobson RM, Coyne-Beasley T, et al. Patient
reminder and recall interventions to improve immunization rates.
Cochrane Database Syst Rev. 2018;1:1-208. https://doi.org/10.
1002/14651858.DC003941.pub3

Szilagyi PG, Duru OK, Casillas A, et al. Text vs patient portal
messaging to improve influenza vaccination coverage: a health
system-wide randomized clinical trial. JAMA Intern Med.
2024;184:519-527.  https://doi.org/10.1001/jamainternmed.2024.
0001

Perkins RB, Banigbe B, Fenton AT, et al. Effect of a multi-com-
ponent intervention on providers’ HPV vaccine communication.
Hum Vacc Immunother. 2020;16:2736-2743. https://doi.org/10.
1080/21645515.2020.1747923

Suryadevara M, Bonville CA, Cibula DA, et al. Multi-component
cancer prevention awareness program to improve adolescent HPV

27.

28.

29.

30.

32.

33.

34.

35.

IMPACT OF INTERVENTIONS TO IMPROVE 25 HPV VacciNe UPTAKE ON OTHER VACCINES 9

vaccine uptake. Hum Vacc Immunother. 2021;17:1052-1058.
https://doi.org/10.1080/21645515.2020.1812316

Zorn S, Darville-Sanders G, Vu T, et al. Multi-level quality im-
provement strategies to optimize HPV vaccination starting at the 9-
year well child visit: Success stories from two private pediatric
clinics. Hum Vaccin Immunother. 2023;19:1-11. https://doi.org/10.
1080/21645515.2022.2163807

Briss PA, Rodewald LE, Hinman AR, et al. Reviews of evidence
regarding interventions to improve vaccination coverage in children,
adolescents, and adults. Am J Prev Med. 2000;18:97-140. https://
doi.org/10.1016/S0749-3797(99)00118-X

Task Force on Community Preventive Services. Recommendations
regarding interventions to improve vaccination coverage in children,
adolescents, and adults. Am J Prev Med. 2000;18(suppl 1):92-96.
https://doi.org/10.1016/S0749-3797(99)00121-X

Abdullahi LH, Kagina BM, Ndze VN, et al. Improving vaccination
uptake among adolescents. Cochrane Database Syst Rev.
2020;1:1-89. https://doi.org/10.1002/14651858.CDO11895

. St Sauver JL, Grossardt BR, Leibson CL, et al. Generalizability of

epidemiological findings and public health decisions: an illustration
from the Rochester Epidemiology Project. Mayo Clin Proc.
2012;87:151-160. https://doi.org/10.1016/j.mayocp.2011.11.009
Minnesota Department of Health. HPV vaccination recommenda-
tions. Updated July 6, 2022. Available at: https://www.health.state.
mn.us/diseases/hpv/hpvvaxrecs.pdf. Accessed October 16, 2024.
American Cancer Society. Prevent 6 cancers with the HPV vaccine.
Available at: https://www.cancer.org/cancer/risk-prevention/hpv/
hpv-vaccine.html. Accessed October 16, 2024.

Teasdale CA, Borrell LN, Shen Y, et al. Missed routine pediatric
care and vaccinations in US children during the first year of the
COVID-19 pandemic. Prev Med. 2022;158:107025. https://doi.org/
10.1016/j.ypmed.2022.107025

Woodworth KR, Moulia D, Collins JP, et al. The Advisory
Committee on Immunization Practices’ interim recommendation for
use of Pfizer-BioNTech COVID-19 vaccine in children aged 5-11
Years - United States, November 2021. MMWR Morb Mortal Wkly
Rep. 2021;70:1579-1583.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en septiembre 05,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref14
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref14
https://doi.org/10.1542/peds.2013-2037
https://doi.org/10.1542/peds.2016-1764
https://doi.org/10.1542/peds.2016-1764
https://doi.org/10.1016/j.cct.2006.05.007
https://doi.org/10.1046/j.0039-0402.2003.00252.x
https://doi.org/10.1046/j.0039-0402.2003.00252.x
https://doi.org/10.1080/00273171.2016.1167008
https://doi.org/10.1080/00273171.2016.1167008
https://doi.org/10.1002/sim.3697
https://doi.org/10.1002/sim.3697
https://doi.org/10.1002/14651858.DC003941.pub3
https://doi.org/10.1002/14651858.DC003941.pub3
https://doi.org/10.1001/jamainternmed.2024.0001
https://doi.org/10.1001/jamainternmed.2024.0001
https://doi.org/10.1080/21645515.2020.1747923
https://doi.org/10.1080/21645515.2020.1747923
https://doi.org/10.1080/21645515.2020.1812316
https://doi.org/10.1080/21645515.2022.2163807
https://doi.org/10.1080/21645515.2022.2163807
https://doi.org/10.1016/S0749-3797(99)00118-X
https://doi.org/10.1016/S0749-3797(99)00118-X
https://doi.org/10.1016/S0749-3797(99)00121-X
https://doi.org/10.1002/14651858.CD011895
https://doi.org/10.1016/j.mayocp.2011.11.009
https://www.health.state.mn.us/diseases/hpv/hpvvaxrecs.pdf
https://www.health.state.mn.us/diseases/hpv/hpvvaxrecs.pdf
https://www.cancer.org/cancer/risk-prevention/hpv/hpv-vaccine.html
https://www.cancer.org/cancer/risk-prevention/hpv/hpv-vaccine.html
https://doi.org/10.1016/j.ypmed.2022.107025
https://doi.org/10.1016/j.ypmed.2022.107025
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref31
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref31
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref31
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref31
http://refhub.elsevier.com/S1876-2859(25)00095-6/sbref31

	Impact of Interventions to Improve Human Papillomavirus Vaccine Uptake on Other Vaccines Due: A Secondary Analysis of a Rand...
	Methods
	Overview
	Research Setting
	Eligibility
	Allocation
	Interventions
	Usual Care
	Parent Reminder-Recall
	Provider Audit-Feedback

	Data Collection
	Outcomes
	Sample Size and Power
	Statistical Analyses

	Results
	Discussion
	Limitations

	Conclusions and Relevant Implications
	Data availability
	Declaration of Competing Interest
	Acknowledgments
	Supplementary Data
	References




