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ABSTRACT
We reviewed intervention studies designed to increase human papillomavirus (HPV) vaccination coverage
to further understand the impact interventions can have on HPV vaccination coverage. We searched 5
databases for intervention studies published from June 2006 to May 2015. Studies were included if they
quantitatively measured HPV vaccination coverage as an outcome and were conducted in the United
States. We abstracted outcomes, methods, and results from each study and classified by type of
intervention conducted. Findings from 34 studies suggest many types of intervention strategies can
increase HPV vaccination coverage in different settings, and with modest cost. Interventions were
effective especially when implemented in combination at both provider and community levels. However,
not all interventions showed significant effects on coverage. More research is needed to identify the best
methods for widespread implementation of effective strategies.
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Introduction

Human papillomavirus (HPV) is the most common sexually
transmitted infection among men and women in the United
States.1 Approximately 79 million Americans are infected with
HPV, and every year, an estimated 14 million people become
newly infected.1 There are more than 100 types of HPV, and
though not all lead to disease, some types of HPV can cause
genital warts and others cause cancer, including cervical, vul-
var, vaginal, penile, anal, and oropharyngeal cancers.1,2 In the
United States, approximately 27,000 men and women develop
new HPV associated cancers each year.3 Approximately
360,000 people develop genital warts each year.1

HPV vaccination is a means of primary prevention against
HPV associated cancers and diseases. There are 3 HPV vaccines
licensed for use in the United States. The quadrivalent vaccine
(4vHPV) was licensed by the Food and Drug Administration
(FDA) in 2006,4 the bivalent vaccine (2vHPV) was licensed in
2009,5 and the 9-valent vaccine (9vHPV) was licensed in 2014.6

The 4vHPV and 2vHPV vaccines protect against virus types 16
and 18, which cause an estimated 66% of cervical cancers, and
the 4vHPV vaccine also protects against types 6 and 11, which
cause about 90% of genital warts and recurrent respiratory papil-
lomatosis.4-7 The 9vHPV vaccine protects against types 6, 11, 16,
18, 31, 33, 45, 52, and 58 and has the potential to prevent
approximately 81% of cervical cancers.2 Clinical trial data
have shown that the vaccines are safe and effective, and
post-licensure studies indicate that vaccination dramatically
reduces the incidence and prevalence of HPV, genital warts, and
cervical and anal dysplasias.8-13 All three HPV vaccines that are
licensed for use in the United States are recommended by the
Advisory Committee on Immunization Practices (ACIP).6

Though safe and effective HPV vaccines have been available
since 2006, HPV vaccination coverage in the United States
remains low.14 The Healthy People 2020 target for completion
of the three-dose HPV vaccination series is 80% for adolescent
boys and girls aged 13 to 15 years;15 however, current coverage
estimates fall considerably short of this goal. In 2014, only
60.0% of girls aged 13 to 17 years had initiated the series with
at least one HPV vaccine dose, and 39.7% had received three
doses.14 Coverage for adolescent boys in 2014 was even lower,
with only 41.7% of boys aged 13 to 17 years receiving at least
one dose and 21.6% receiving three doses.14 Though 2014 esti-
mates demonstrate significant increases from previous years’
assessments of HPV vaccination coverage, given comparatively
low coverage and slow uptake, it is critical for healthcare pro-
viders and public health organizations to increase efforts to
improve HPV vaccination coverage and reduce the burden of
HPV associated cancers and diseases.14,16

Previously published systematic reviews have compiled some
of the available evidence for intervention strategies to increase
HPV vaccination coverage, but no comprehensive review has
been published to date. Many HPV vaccination systematic
reviews have only addressed factors associated with HPV vacci-
nation, such as demographics or perceived barriers, or have
reviewed interventions that target intermediate outcomes, such
as vaccination knowledge or intention to vaccinate.17-21 One
recently published review summarized 14 interventions with
HPV vaccination coverage as a study outcome and concluded
that most of the interventions reviewed significantly increased
HPV vaccination coverage, in contrast to findings from a previ-
ous review of educational interventions.21,22 This recent review
was an important contribution to the literature on HPV
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vaccination interventions; however, it only examined non-indi-
vidual level system or community-based interventions.22

To help healthcare professionals continue to evaluate the
entire spectrum of published interventions to improve HPV
vaccination coverage, we conducted a comprehensive review of
the literature that falls within the Community Guide’s catego-
ries of interventions to increase appropriate vaccination
(Table 1).23 The Community Guide is a centralized resource
developed by an independent Task Force, the Centers for Dis-
ease Control and Prevention (CDC), and other partner organi-
zations.24 Collaborators aggregate and systematically review
literature about public health interventions.24 As it relates to
vaccination, the Community Guide broadly reviews and evalu-
ates interventions that can increase general vaccination cover-
age, but the Guide does not present information for specific
vaccines or account for the unique challenges that adolescent
vaccines such as the HPV vaccine face.23 The present review
offers a look at the intervention literature related to HPV vacci-
nation in this framework to understand where strategies cate-
gorized by the Community Guide may or may not be
promising in the context of HPV vaccination.

Results

Intervention study characteristics

Two thousand five hundred and sixty nine studies were
identified in the primary search, resulting in 34 studies
eligible for inclusion in the review (Fig. 1). Table 2 illustrates
the characteristics of the studies included for review. A
majority of the studies focused exclusively on girls (n D 24,
70.6%) 25-32,36-40,42,44-48,50,55-58 and were implemented prior to
the 2011 ACIP recommendation that boys receive HPV vacci-
nation (n D 22, 64.7%).25-27,29-32,36-40,42,44,46-48,50,55-58 Studies
addressed vaccination for many different age groups, including
adolescents and young adults. Sixteen studies (47.1%) assessed
intervention effects on more than one vaccine in the adolescent
platform, including HPV vaccine,25-27,31-34,38,42,45,46,50,52,53,55,56

while eighteen (52.9%) assessed intervention impact only on
HPV vaccination coverage.28-30,35-37,39-41,43,44,47-49,51,54,57,58

Intervention study results

A forest plot of selected results of intervention studies measur-
ing series initiation (�1 dose of HPV vaccine) is shown in
Figure 2. A forest plot with additional results can be seen in
Figure S1. Table 3 presents the study design, methods, out-
comes, and selected results for all of the studies included in the
systematic review.

Interventions to increase community demand for HPV
vaccination
Nineteen studies (55.9%) utilized interventions to increase com-
munity demand for HPV vaccination.25-43 Three studies exam-
ined the effect of vaccination requirements for school attendance
onHPV vaccination coverage.25-27 All three studies were ecologi-
cal studies examining how vaccination policies for school atten-
dance affected series initiation as a primary outcome.25-27

Vaccination requirements consisted of educational requirements

for parents, requirements for HPV vaccination for school atten-
dance, or requirements for another adolescent vaccination for
school attendance; however, requirements for school attendance
typically had broad opt-out provisions, with waivers available for
religious, medical, and/or philosophical objections.25-27 Findings
from the school vaccination policy studies consistently showed
that while school requirements increased other adolescent vacci-
nations’ coverage, HPV vaccination coverage only increased by a
small amount or not at all.25-27 One of the studies demonstrated
that in the five states and the District of Columbia that had
school entry or educational requirements for HPV vaccination
in the 2008–2009 school year, no significant difference was found
in 2008–2009 NIS-Teen HPV vaccination coverage for jurisdic-
tions that had requirements vs. those that did not, though
requirements for other adolescent vaccinations resulted in signif-
icant increases in coverage for those vaccines.25 The two other
school policy studies examined whether other adolescent vacci-
nation requirements had any spillover effects on HPV vaccine
series initiation.26,27 One study looked at tetanus-diphtheria-
acellular pertussis (Tdap) vaccination requirements enacted dur-
ing or before the 2009–2010 school year and found that a greater,
though still small, percentage of females had initiated the HPV
vaccination series in states that had Tdap vaccination mandates
(percentage point difference: 4.4, p D .004).26 The other study
observed the effect that mandates enacted in Michigan in 2010
for Tdap, meningococcal, and varicella vaccination had on HPV
vaccination coverage in two cohorts of 6th graders; one cohort of
6th graders in 2009, the other 6th graders in 2010.27 The study
found small significant increases in HPV series initiation by age
13 for girls (hazard ratio [HR] 1.18, p < .001), especially if the
HPV vaccine was co-administered at the first adolescent visit
(HR 1.22, p < .001).27 However, proportionally the increases
were much smaller compared to the coverage increases for the
other adolescent vaccines; HPV coverage increased approxi-
mately 5 percentage points, while Tdap, meningococcal, and var-
icella coverage increased approximately 20 percentage points.27

Eight studies examined patient reminder and recall systems to
increase community demand for HPV vaccination.28-35 Patient
reminder and recall systems utilizedmanymethods of reminding
or recalling patients; one study used letters,28 one used letters or
phone calls,32 two used text messages,29,35 two provided multiple
types of reminders,31,33 and two allowed a choice (such as tele-
phone call, letter, text message, Facebook message, or email).30,34

The eight studies addressed a variety of measures, including
series initiation, series completion, and receipt of next vaccine
dose. The mailed letter intervention found significantly greater
HPV series completion in the entire study age range intervention
group (percentage point difference: 9.8, p < .01).28 Another
study comparing a mailed letter intervention to a telephone
reminder intervention found significantly greater dose 2 and
series completion in both intervention groups; the mailed let-
ter intervention resulted in an 8 percentage point increase in
dose 2 coverage (HR 1.5, p < .05), and the telephone
reminder intervention resulted in an 8 percentage point
increase in dose 2 (HR 1.6, p < .01) and a 5 percentage point
increase in series completion (HR 1.5, p < .05).32 Not all pri-
mary measures were found to be significant in this study,
however. Series initiation did not differ significantly between
intervention and control groups.32
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The studies assessing textmessage reminders showed increases
in coverage, with significantly greater on-time receipt of next
HPV vaccine dose in an intervention group against two different
control groups (adjusted odds ratio [AOR] 2.03 and AOR 1.83, p
D .002 and .003) in one study29 and small differences in series ini-
tiation between an intervention and control group (percentage

point difference: 3.0; HR 1.3, p D .04) in another study.35 Studies
including several types of reminder methods also demonstrated
increases in coverage. One used a messaging cascade of multiple
types of reminders and found that 22.9% of due or overdue
patients received their next dose of HPV, and also showed that
this cascade method was most effective at encouraging series

Figure 1. Flow chart of review process and study selection.

Table 1. Intervention categories (n D 34).

Category name Definition adapted from Community Guide23 N (%)

Increasing Community Demand for HPV Vaccination
Vaccination requirements for

school attendance
HPV vaccination requirements are laws or policies requiring HPV vaccinations as a condition of school

attendance. Laws are created by states, with requirements established by the legislature and
embodied in statutes or adopted as administrative rules by health or education departments.
Institutions, such as colleges and private schools, may establish additional policies for attendance.

3 (8.8%)

Patient reminder and recall
systems

Patient reminder and recall interventions involve reminding a target population that HPV vaccinations
are due (reminder) or late (recall). Reminders and recalls differ in content and are delivered by
various methods, such as by telephone, letters, or postcards.

8 (23.5%)

Patient education Patient education provides information to target populations. Information is disseminated with the
goal of informing and motivating individuals to seek HPV vaccination.

2 (5.9%)

Community-based
interventions
implemented in
combination

Community-based interventions implemented in combination involve two or more interventions to
increase HPV vaccination rates within a targeted population. Efforts can involve partnerships
between organizations, government, and HPV vaccination providers to implement interventions to
increase community demand or enhance access to HPV vaccination services.

6 (17.6%)

Provider- or System-Based Interventions to Increase HPV Vaccination
Provider assessment and

feedback
Provider assessment and feedback involves retrospectively evaluating the performance of providers in

delivering HPV vaccinations to a patient population and giving them feedback on their
performance. Assessment and feedback can also involve incentives or benchmarking.

1 (2.9%)

Provider reminders Provider reminders inform those who administer vaccinations that patients are due for specific
vaccinations. Techniques by which reminders are delivered vary, but can include notes prepared in
advance and posted in patient charts, alerts in electronic medical records, or letters sent by mail.

2 (5.9%)

Healthcare system-based
interventions
implemented in
combination

Healthcare system-based interventions implemented in combination involve the use of two or more
interventions to increase HPV vaccination rates within a targeted client population. Interventions
are primarily implemented in healthcare settings, although efforts may include additional activities
within the community.

9 (26.5%)

Enhancing Access to HPV Vaccination Services
Vaccination programs in

schools
HPV vaccination programs in schools are interventions delivered on-site to improve immunization

rates. HPV vaccination programs are often collaborations between schools and local health
departments, private healthcare providers, or community healthcare services.

2 (5.9%)

Reducing out-of-pocket costs Reducing out-of-pocket costs to families for HPV vaccinations or administration of HPV vaccinations
can be implemented by paying for vaccinations or administration, providing insurance coverage, or
reducing copayments for HPV vaccinations at the point-of-service.

1 (2.9%)
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Table 2. Study characteristics (n D 34).

Total studies (n D 34) N (%)

Studies that focused on females only
Adolescents�

Young adults��

Adolescents and young adults���

24 (70.6%)
16 (47.1%)
4 (11.8%)
4 (11.8%)

Studies that focused on males only
Adolescents�

1 (2.9%)
1 (2.9%)

Studies that focused on both females and males
Adolescents�

Adolescents and young adults���

9 (26.5%)
7 (20.6%)
2 (5.9%)

Randomized controlled trials (RCTs)���� 16 (47.1%)
Quasi-experimental or observational studies���� 19 (55.9%)
Studies that were conducted after 2011 recommendation for HPV vaccination for boys 12 (35.3%)
Studies that assessed only HPV vaccine 18 (52.9%)

�Study populations with age range of 9-17
��Study populations with age range of 18-26
���Study populations with age range of 9-26
����One study included a randomized trial and observational element; therefore, it is classified in two categories and percentages will not add up to 100.0%.

Figure 2. Forest plot of selected HPV vaccination intervention results: series initiation.
& : Effect estimates from original source.
~ : Effect estimates calculated by review authors based on given data in source.
�Results presented if study included a measure of series initiation (one or more doses of HPV vaccine). Results were excluded if study did not include a measure of series
initiation or if results were not presented in the original paper such that an effect size could be calculated. If studies measured series initiation in more than one popula-
tion or using different methods, the specifics are indicated in parentheses following the study author’s name. F denotes studies that focused on females and M denotes
studies that focused on males. Full study characteristics and results can be found in Table 3.
��Results were determined to be significant by the original paper.
yEffect estimate’s confidence intervals could not fit in the plot scale. Cassidy et al. found an OR of 9.43 (2.69–33.10) for series initiation.
zEffect estimate’s confidence intervals could not fit in the plot scale. Perkins et al. found an OR of 11 (6.9–17) for series initiation among males.
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completion (p < .0001).33 Another intervention implemented
more than one reminder method by using mailed letters and tele-
phone reminders, and found significantly greater HPV series ini-
tiation and completion from zero baseline doses in the
intervention group (percentage point difference in series initia-
tion: 11.2, p < .05; percentage point difference in completion
from zero baseline doses: 7.3, p < .05).31 However, up-to-date
series completion from �1 baseline doses did not differ signifi-
cantly between the intervention and control group.31 Studies
allowing patient choice of reminder method had mixed results,
with one intervention not showing any significant difference in
series completion,30 while another demonstrated a range of signif-
icant percent increases in initiation and completion (e-mail, mail,
text, and telephone call, all p< .05).34

Two randomized controlled trials in females aged
18–26 years utilized education using video technology to
deliver messages about HPV vaccination.36,37 One study
assessed the effectiveness of a variety of video narrators on
series initiation, and found significant greater series initiation
in the intervention group that had both a provider expert and
peer narrator in the video (percentage point difference: 11, p D
.035; odds ratio [OR] 2.07, p D .036).36 The other study looked
at how a video-based intervention impacted series completion,
and found significantly greater series completion for the group
that viewed a short theory-driven video presentation (percent-
age point difference: 11.5, p D .03; AOR 2.44, p D .001).37

The final six “increasing community demand” interventions
utilized multiple intervention strategies in combination with each

other.38-43 One prospective cohort intervention implemented
reminder and recall in a school-located vaccination program.38

The results demonstrated 59% of participants getting any dose of
HPV vaccine, but only 25% received dose 2 and 0% completed
the full series.38 Two other interventions aimed to increase HPV
vaccination among adolescent females andmales respectively, uti-
lizing broad, multi-faceted public awareness campaigns targeted
to each audience in conjunction with education for healthcare
providers.40,41 One of these interventions targeted females using a
social marketing campaign, and though significant differences
were seen between all intervention counties and each control
group (all, p < .01), the 2 counties with higher initiation were
only between 1.6 and 2.0 percentage points greater than the con-
trols, and 2 counties were found to have significantly lower initia-
tion rates.40 The other social marketing campaign targeted
adolescent males, and while those in the intervention group were
more likely to initiate the HPV vaccination series (percentage
point difference: 2.1; HR 1.34, p D .002), this was again a small
increase, and results were not sustained at a 6 month follow up
assessment.41

Another intervention using multiple methods utilized
immunization navigators trained to track immunization
records, lead reminder and recall efforts, and conduct home
visits.42 This intervention resulted in significant positive
changes from baseline in series initiation (adjusted risk ratio
[ARR] 1.4, p < .001), dose 2 receipt (ARR 1.4, p < .001), and
series completion (ARR 1.5, p < .001).42 The final two studies
in this category assessed educational vaccination messaging in

Table 4. Selected results from economic analyses (n D 10).

Author Intervention codes Operating costs/costs per site Cost per unit

Suh31 Patient reminder and recall systems Ranged from $1,087 to
$1,349 per practice

—

Szilagyi 201332 Patient reminder and recall systems — $18.78 per child per year for mailed
reminders; $16.68 per child per
year for telephone reminders;
$463.99 per additional child fully
vaccinated for mailed reminders;
$714.98 per additional child fully
vaccinated for telephone
reminders

Bar-Shain33 Patient reminder and recall systems Messaging cost was less than
1% of gross revenue for
visits where needed doses
were given

<$0.10 per automated message for
e-mail, text, and phone messages;
$1.50 per postcard; $1.77 per dose
delivered

Morris34 Patient reminder and recall systems — $1.25 for each postcard sent; $0.80
for each text message and e-mail
sent

Kempe38 Community based intervention implemented
in combination

— Ranged from $1.12 to $6.87 per
recalled child immunized over
four schools

Szilagyi 201142 Community based intervention implemented
in combination

— $45.74 per child per year; $465 per
additional child fully vaccinated

Gilkey46 Provider assessment and feedback $152 per clinic for in-person
consultations $100 per
clinic for webinar
consultations

—

Fiks48 Healthcare-systems based intervention
implemented in combination

— Per additional dose delivered: $24.00
for dose 1, $42.00 for dose 2, and
$189.00 for dose 3 for combined
family/provider intervention

Daley56 Vaccination programs located in schools — $23.98 per vaccine administered
(does not include cost to purchase
vaccine)

Stubbs57 Vaccination programs located in schools $135,397.44 for total
program

—
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a school-located clinic43 and a reminder and recall combined
with patient education intervention,39 but found no significant
effects on measures of HPV vaccination coverage.39,43

Provider or healthcare system based interventions to
increase HPV vaccination
Twelve studies (35.3%) were identified as provider or healthcare
system-based interventions.44-55 Three studies assessed single
method interventions targeted at providers: provider assessment
and feedback46 and provider prompts.44,45 The intervention
assessing provider assessment and feedback utilized CDC’s
AFIX (Assessment, Feedback, Incentives, and eXchange) pro-
gram and targeted it specifically to HPV vaccination.46 The ran-
domized controlled trial had two intervention groups—one in-
person, one web-based—and both found small but significant
increases in coverage among 11–12 year olds at 5 months post-
intervention (1.5% increase in initiation with in-person AFIX (p
D .02) and 1.9% increase with web-based AFIX (p < .01)), but
not for 13–18 year olds at 5 months, and results were not sus-
tained for any group at 1 year post-intervention.46 Another
study implementing electronic health record-generated provider
prompts found significantly greater series initiation in the inter-
vention group (percentage point difference: 13.7, p < .001) and
significantly greater timely series completion (point estimates
not presented; p < .001).44 However, another randomized con-
trolled trial assessing the use of provider prompts via electronic
health record or nurses/staff found no significant effect on series
initiation, dose 2, or series completion, despite strong acceptance
of the intervention among providers.45

The majority of provider-targeted interventions utilized mul-
tiple intervention methods in combination with each other.47-55

Many assessed interventions in more than one primary care
practice,48,53 in federally qualified health centers (FQHC),50,51 or
in large hospital clinic settings.52,55 Three were focused primarily
at the provider level.50,52,55 One intervention presented webinars
for FQHC providers based on the CDC’s AFIX program princi-
ples, with follow-up weekly educational emails for the pro-
viders.50 The results found significant, but small increases of 1 to
1.6 percentage points in HPV series initiation (pD .029), dose 2
(p D .001), and series completion (p D .001).50 Another inter-
vention created individualized vaccine catch-up schedules for
hospitalized children not up-to-date for HPV vaccination, and
increased series initiation in this group by 20.6% (p D not
reported),52 while another using provider prompts, clinical deci-
sion support, and individualized provider feedback found no
significant effect of the intervention on up-to-date status of the
participants or timeliness of vaccine receipt.55

The remaining multiple method provider-based interven-
tions implemented complex interventions targeting both pro-
vider behavior and community demand.47-49,51,53,54 The first
examined the effects of a family-focused intervention consisting
of patient education and reminder and recall, and a provider
intervention consisting of provider education, assessment and
feedback, and provider reminders.48 Both intervention strategies
implemented together found the largest increases in HPV vacci-
nation coverage across all measures, compared to when each
strategy was implemented separately (series initiation: HR 1.6, p
D .001; dose 2: HR 1.3, pD .008; series completion: HR 1.5, p<

.001).48 Two other trials first implemented provider education,

followed by supplemental interventions such as school-based
telephone reminder and recall53 or targeted interventions for
each individual practice based on mutually identified barriers to
HPV vaccination.51 The intervention outcomes for both studies
showed increases in coverage, indicating that series initiation
was significantly more likely for females (adjusted odds ratio
[AOR] 1.19, p D significant, but not reported;53 OR 1.6, p <

.00151) and males (AOR 1.23, pD significant, but not reported;53

OR 11, p < .00151), and next dose receipt was also significantly
more likely for females (OR 1.4, p < .05)51 and males (OR 23, p
< .05).51 Many of the increases persisted for outcomes measured
6 months post-intervention, except the series initiation results
for females.51 Another study demonstrated that patient
reminder and recall combined with an in-clinic education and
health information system summarizing patient intention data
for providers resulted overall in 5% increases in HPV vaccina-
tion series initiation, with slightly greater increases for boys (pD
significant, but not reported).54

The two studies that observed the largest percentage point
increases in HPV vaccination coverage in any of the interven-
tion studies reviewed also had the smallest sample sizes, which
is important to note.47,49 These small observational studies took
place in single pediatric practice settings and utilized a combi-
nation of patient reminder and recall, patient educational mate-
rials, provider education, and provider protocols. Large,
significant differences were seen in outcomes between interven-
tion and control groups in both studies.47,49 One study demon-
strated that series initiation was greater by 50.9 percentage
points (p D .001; OR 9.43, p D significant, but not reported)
and series completion was greater by 55.6 percentage points
(p < .001; OR 22.5, p D significant, but not reported).47 The
other study showed that dose 2 completion was greater by 40
percentage points compared to a non-enrolled control group
(p < .001) and 46 percentage points compared to a non-inter-
vention group (p < .001), and series completion was greater by
16 percentage points compared to a non-enrolled group (p D
.008) and 11 percentage points compared a non-intervention
group (p D .018).49

Interventions to enhance access to HPV vaccination services
Three intervention studies (8.8%) were designed to primarily
enhance access to HPV vaccination services.56-58 Two of these
studies aimed to increase access by implementing vaccination
programs located in schools.56,57 The first study found signifi-
cant increases in initiation in both a 6th grade (percentage
point difference: 16; ARR 1.69, p D significant, but not reported)
and 7–8th grade population (percentage point difference: 13;
ARR 2.56, p D significant, but not reported).56 The results of the
second study found minimal overall participation in the inter-
vention, with only 2% of the population receiving any dose,
though there was high series completion (80%) among those
who initiated the series.57 Students at host-school sites compared
to satellite sites were also significantly more likely to have
received any dose of the HPV vaccine (OR 6.56, p < .05).57

The final study provided grants to reduce out-of-pocket
costs to patients associated with receiving the HPV vaccine, but
results did not indicate significant differences in number of
doses received or on-time completion between those who
received grant sponsored doses and those who did not.58
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Results from economic analyses

Ten studies assessed the economic effects of implementing HPV
interventions.31-34,38,42,46,48,56,57 Table 4 presents summaries of
the economic findings of these studies. Many of these studies
implemented reminder and recall interventions.31-34,38,42 One
study found that the overall operating costs for implementing
mail and telephone reminder and recall ranged from $1,087 to
$1,349, with three of the practices demonstrating positive net
additional revenues after the study period and one practice dem-
onstrating a net revenue loss, calculated by subtracting total
operating costs from total additional revenues for each prac-
tice.31 Another mail or telephone reminder and recall interven-
tion demonstrated average costs of $18.78 for mail and/or
$16.68 for telephone calls per child per year, with the cost per
additional child fully vaccinated at $324.75 for the mail group
and $487.03 for the telephone group.32 Additional reminder and
recall interventions ranged from between $1.25 and $1.50 for
each mailed postcard and < $0.10–$0.80 for each text message/
e-mail/phone message.33,34 Reminder and recall costs in a
school-based health center setting ranged from $1.12 to $6.87
per child immunized.38 The cost of a full “immunization naviga-
tor” program including reminder and recall was found to be
$45.74 per child per year, with the cost per additional child fully
vaccinated at $465.42

Costs of other interventions implemented in school-located
clinics and with providers/healthcare systems were also evalu-
ated.46,48,56,57 One school-located vaccination clinic found a
cost of $23.98 per vaccine administered, not counting the cost
to purchase the vaccine.56 The other school-located vaccination
clinic intervention used only 36% of their original budget, for a
total operating cost of $135,397.44.57 The largest percentage of
the expenses went to personnel costs (67%).57 In a study focus-
ing on provider and family interventions, the cost per addi-
tional dose delivered for the most effective intervention for
increasing series initiation (provider-focused) was $6; for
increasing dose 2 and series completion, the most effective
intervention (family-focused) was $10 for dose 2 and $6 for
dose 3 per additional dose delivered; and for the most effective
intervention overall (combined provider and family-focused),
the cost was $24 for dose 1, $42 for dose 2, and $189 for dose
3.48 Finally, AFIX webinars for providers showed promise in
reducing travel costs; the cost of delivering the intervention was
$152 per clinic for in-person consultations, and $100 per clinic
for webinar consultations.46

Discussion

Of the 34 HPV vaccination intervention studies identified,
the majority of the studies were designed to increase com-
munity demand for HPV vaccination, but a substantial
number of studies also targeted providers and healthcare
systems. Only a few studies reviewed addressed access to
vaccination services. Overall, while most of the intervention
methods identified in the literature were based on evidence-
based vaccination intervention categories recommended by
the Community Guide,23 there was considerable variation
in the efficacy of these interventions in the context of HPV
vaccination. A substantial number of studies did show

significant increases in HPV vaccination coverage following
the intervention. The only Community Guide category of
intervention that we reviewed that is not currently recom-
mended by the Community Guide is patient education
when used alone, due to insufficient evidence.23 The studies
reviewed here should be examined both in context with
their methods and with overall Healthy People 2020 targets,
which will require large increases in coverage, to understand
the potential impact that these reviewed interventions may
have on HPV vaccination coverage.

The single-method intervention strategies that frequently
produced statistically significant increases in HPV vaccination
coverage were reminder and recall28-35 and patient educa-
tion.36,37 Reminder and recall interventions were the most com-
mon type of intervention reviewed. Reminder and recall
intervention methods ranged from improving series initiation
with a reminder message that a child is due to start the HPV vac-
cine series, to recall efforts to get children overdue for dose 2 or 3
to get caught up and complete the series. Regardless of type of
reminder or recall utilized (text, mail, phone, e-mail, etc.), many
interventions resulted in a range of increases in a variety of meas-
ures of HPV vaccination coverage,28,29,31-35 though not all
resulted in increases.30 The Community Guide does not recom-
mend patient education when used alone as a strategy to increase
vaccination coverage due to insufficient evidence;23 however, the
two patient education studies reviewed here demonstrate some
potential promise of this type of intervention as it relates to HPV
vaccination.36,37 The interventions solely implementing patient
education both used video as a means of delivering information
about the HPV vaccine, but these interventions were directed at
young adults aged 18–26 years, not the target age group for rou-
tine vaccination in the United States. Both trials demonstrated
significant differences in coverage compared to non-intervention
groups, though their sample sizes were moderate.36,37

Provider assessment and feedback, when used alone, pro-
duced significant but small increases in HPV vaccination initia-
tion, though these changes were not sustained one year after
the intervention period.46 Again, in considering the findings of
these studies, it is important to keep in context that large
increases in coverage are needed to reach the Healthy People
2020 targets.

Numerous effective multi-component interventions were
implemented in the community38-43 or in healthcare sys-
tems.47-55 Methods varied across studies, though the most com-
mon strategy included in the multi-component interventions
was some type of reminder and recall system. These efforts
were frequently accompanied by education of parents and/or
providers, enhanced practice-based IT systems, and/or provider
incentives. The studies took place in a variety of settings and
there was a wide range in the number of participants. Many of
the largest increases in coverage were seen as a result of these
multiple strategy interventions, particularly those that involved
a provider-targeted strategy. While not all of the multi-compo-
nent interventions found large or significant increases, many of
the studies reviewed demonstrated that implementing multiple
strategies to address barriers to vaccination can be effective in
increasing HPV vaccination coverage.

The intervention methods that had inconsistent support for
their effectiveness or did not find significant findings were
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school-located vaccination services, provider reminders used
alone, vaccination requirements for school attendance, and
programs to reduce out of pocket costs. Vaccination programs
in schools and provider reminders used alone are both
evidence-based strategies cited by the Community Guide’s rec-
ommendations,23 but results presented in the studies focused
on HPV vaccination were inconsistent.44,45,56,57 Both catego-
ries had one study that had significant results44,56 and one
that did not have significant results.45,57 Vaccination require-
ments for school attendance have been shown to be effective
in increasing vaccination coverage for other vaccines,23 but no
difference was seen in series initiation with a middle school
entry requirement for HPV vaccination.25 It is important to
note that requirements for HPV vaccination for school atten-
dance have broad opt-out provisions, with waivers available
for religious, medical, and/or philosophical objections. There
did appear to be small spill-over effects to HPV vaccination
from other adolescent vaccination requirements,26,27 though
small spill-over effects may not help HPV vaccination cover-
age increase by the amount needed to reach the Healthy Peo-
ple 2020 target of 80% coverage. Programs to reduce out of
pocket costs similarly are cited to increase vaccination per the
Community Guide’s recommendations,23 but for the study
examining HPV vaccination specifically, the strategy did not
significantly influence coverage.58 For those strategies with
inconsistent evidence, more research may be needed to better
understand the influence of those strategies on HPV vaccina-
tion coverage. For those strategies that did not demonstrate
changes in coverage, many potential barriers to HPV vaccina-
tion have been identified in the literature,20,21 and it may be
that these particular intervention strategies do not address an
adequate number of barriers to see a consistent change in vac-
cination delivery. Beyond addressing an adequate number of
barriers, additional baseline differences in study conditions
such as study design or community context could have
affected study outcomes.

Some interventions by design may be more resource-inten-
sive than others, but many studies’ economic analyses demon-
strated that interventions could be implemented with modest
cost.31-34,38,42,46,48,56,57,59 Due to variations in measures of cost,
it was difficult to directly compare economic measures across
the studies. However, the data from the studies reviewed gener-
ally found that implementing an HPV vaccination intervention
is not cost-prohibitive.

Though HPV vaccines have been available for more than
9 years, HPV vaccination intervention research specifically
focused on increasing coverage is just emerging. The studies
reviewed here indicate that many types of interventions may be
promising. With this knowledge in mind, an important next
step for researchers and practitioners to consider is how to
translate evidence into practice. Many of the interventions
reviewed here are targeted to specific populations, so additional
efforts are needed to study how intervention models can be
implemented on a wide scale and adapted to different settings.
Additional research is needed to examine how strategies can be
customized and commonly integrated into practice.

In addition to this, there is also a need to examine more
closely the effects of interventions to improve provider commu-
nication and recommendations for vaccination. The literature

shows that though provider recommendations for HPV vacci-
nation are highly correlated with higher coverage, many pro-
viders do not routinely recommend HPV vaccination.60-62

Though this fact is demonstrated strongly in the literature, few
of the studies reviewed in this paper aimed to strengthen the
provider recommendation through interventions. As this is one
of the most highly correlated factors in the literature with
higher HPV vaccination coverage, this suggests that there is a
need for more intervention research in this area.

Another important takeaway from this review is the need for
continued aggregation of evidence resulting from vaccination
intervention research, especially as it relates to specific vaccina-
tions. Given that barriers to HPV vaccination are often unique
and increasing coverage may require different approaches,
intervention research specific to HPV vaccination must be
reviewed in context of other vaccination intervention research.
Having more specificity in recommendations from the Com-
munity Guide regarding individual vaccinations and popula-
tions would be helpful. As more HPV vaccination intervention
research continues to be published, reviews such as these
should continue to be updated to highlight trends of what is
working in the field.

Of the studies identified for inclusion in this review, there
was a high amount of variability between intervention strate-
gies, populations, and the measures used. This review demon-
strates a clear need for more studies with population level
samples, comparison groups, and randomized designs to help
indicate which interventions may be most effective in increas-
ing coverage. There is also a strong need to implement and
evaluate HPV vaccination interventions that include coverage
of males as an outcome. Finally, as several of the studies
reviewed indicated that strategies implemented in combination
show promise in their ability to increase vaccination coverage,
particularly when the intervention includes a provider-focused
element, more research should be conducted to assess these
types of multi-component interventions.

One major limitation of this systematic review was that
many studies had limited generalizability in their results, as
many had small sample sizes or were observational studies.
Without a comparison group in several of the studies, it is dif-
ficult to state conclusively whether the intervention was truly
responsible for changes seen. Additionally, each study mea-
sured HPV vaccine uptake differently. This made it difficult to
evaluate and compare effectiveness across studies, and pre-
cluded meta-analysis. It is important, when evaluating the
impact of each intervention, to consult the original studies for
a deeper understanding of study design and measures.
Another limitation is that the ACIP recommendations only
extended to include boys in 2011, which is a likely factor in
the limited number of interventions found in the literature
that targeted boys. This dearth in the literature impacts the
knowledge about interventions to increase HPV vaccination
coverage in boys. A final limitation is that interventions con-
ducted outside of the United States were not included in this
review. The decision to exclude studies conducted in interna-
tional settings was based on differences in healthcare systems
and school-based vaccination policies compared to the United
States, but successful interventions could have been evaluated
and then assessed for feasibility or adaption to United States
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settings. This decision could also be seen as a strength of this
review, however, as differences in context may render compar-
isons invalid.

Conclusion

This review presented a thorough examination of the literature
from licensure of the first HPV vaccine to the present, making
information on HPV vaccination interventions easily accessible
for practitioners working on this priority public health issue.
Variable study populations and outcome measures precluded
meta-analysis, but the literature overall indicates that there are
several strategies that may be promising. While single strategies
can be effective, interventions may be most successful when
implemented in combination with each other to address multi-
ple barriers at community and provider levels.

Most importantly, because the evidence suggests that sev-
eral of the interventions reviewed here may be effective,
more research is needed to translate the evidence into com-
prehensive strategies that can be implemented in a variety
of settings. Additional efforts are needed to study how strat-
egies can be adapted and integrated into practice on a wide
scale.

Methods

Search strategy and selection criteria

Two authors searched PubMed, Web of Science, Wiley
Online Library, Cumulative Index to Nursing and Allied
Health Literature, and Google Scholar databases to capture
a comprehensive list of peer-reviewed studies published
between June 2006 and May 2015. Relevant MeSH (Medical
Subject Headings) search term keywords were entered in
each database (HPV, human papillomavirus, adolescent,
vaccine or vaccination, immunization, intervention, cover-
age), and the search was limited to English language and
peer-reviewed literature.

Studies were eligible for inclusion if they fulfilled the follow-
ing criteria: interventions were designed to measure increases
in HPV vaccination coverage as an outcome, provided quanti-
tative data for HPV vaccination coverage specifically, and were
conducted in the United States. Both randomized controlled
trials and observational studies were eligible. Intervention stud-
ies that only provided qualitative results, were only published
as conference abstracts, or only assessed HPV knowledge, atti-
tudes, or intention to get vaccinated, were excluded. After
review of article titles and abstracts, relevant full-text articles
were obtained and independently reviewed by two authors to
verify that they met the criteria. Finally, references from sys-
tematic reviews17-22 as well as references from the studies iden-
tified were also assessed for inclusion in the review.
Discrepancies related to inclusion criteria were resolved
through discussions among all three authors.

Data extraction

Following the final round of selection of studies, two authors
independently extracted information about intervention

methods, study design, outcomes, participants, and results.
Though outcome measures varied largely across studies, the
principal summary measures extracted were percentage
changes in coverage, risk ratios, hazard ratios, and/or odds
ratios pertaining to receipt of dose 1, 2, and/or 3 of the series,
up-to-date status, and timeliness of receipt. If study results
were presented as percentage differences between intervention
and control groups, one author calculated percentage point
changes between groups to provide a common metric for com-
parison. If studies examined any economic dimensions of inter-
vention implementation, this information was also extracted.
The independent abstractions were compared and discrepan-
cies were resolved through discussion.

Based on a review of each study’s intervention methods, each
study was classified in an intervention category to group similar
types of interventions together for in-depth review. Intervention
categories were adapted from categories used by the Community
Guide’s section on Increasing Appropriate Vaccination and were
adapted to specifically include only HPV vaccination.23 The
broad categories of interventions identified in the literature were
“increasing community demand for HPV vaccination,” “pro-
vider- or system-based interventions to increase HPV vaccina-
tion,” and “enhancing access to HPV vaccination services.”
Interventions were further classified within each category by
intervention method implemented. Definitions for methodologi-
cal categories can be found in Table 1. It is important to note
that though the classification of interventions in this review is
based on the Community Guide’s categorizations, this review is
not the same as the reviews conducted by the Community Guide.
The review design did not allow for abstracting data in the same
detail as the Community Guide, there was no quality of evidence
analysis to put forth a recommendation or non-recommenda-
tion, and no separate economic evaluation of interventions
beyond what intervention study authors put forth themselves
was conducted. Additionally, a risk of bias assessment was not
performed, as that was beyond the scope of this review.
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CDC Centers for Disease Control and Prevention
HPV human papillomavirus
4vHPV quadrivalent HPV vaccine
2vHPV bivalent HPV vaccine
9vHPV 9-valent HPV vaccine
FDA Food and Drug Administration
ACIP Advisory Committee on Immunization Practices
MeSH Medical Subject Headings
Tdap tetanus-diphtheria-acellular-pertussis
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RR risk ratio
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