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ABSTRACT
A
C

OBJECTIVE: Human papillomavirus (HPV) vaccination rates
remain low, in part because of missed opportunities (MOs) for
vaccination. We used a learning collaborative quality improve-
ment (QI) model to assess the effect of a multicomponent inter-
vention on reducing MOs.
METHODS: Study design: pre-post using a QI intervention in 33
community practices and 14 pediatric continuity clinics over 9
months to reduce MOs for HPV vaccination at all visit types.
Measures: outcome measures comprised baseline and postpro-
ject measures of 1) MOs (primary outcome), and 2) HPV vac-
cine initiation and completion. Process measures comprised
monthly chart audits of MOs for HPV vaccination for perfor-
mance feedback, monthly Plan-Do-Study-Act surveys and
pre-post surveys about office systems. Intervention: providers
were trained at the start of the project on offering a strong
recommendation for HPV vaccination. Practices implemented
provider prompts and/or standing orders and/or reminder/recall
if desired, and were provided monthly feedback on MOs to
assess their progress. Analyses: chi-square tests were used to
assess changes in office practices, and logistic regression used
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to assess changes in MOs according to visit type and overall,
as well as HPV vaccine initiation and completion.
RESULTS:MOs overall decreased (from 73% to 53% in commu-
nity practices and 62% to 55% in continuity clinics; P < .01, and
P ¼ .03, respectively). HPV vaccine initiation increased for both
genders in community practices (from 66% to 74% for female,
57% to 65% for male; P< .01), and for male patients in continuity
clinics (from 68% to 75%; P ¼ .05). Series completion increased
overall in community practices (39% to 43%; P ¼ .04) and for
male patients in continuity clinics (from 36% to 44%; P ¼ .03).
CONCLUSIONS: Office systems changes using a QI model and
multicomponent interventions decreased rates of MO for HPV
vaccination and increased initiation and completion rates
among some gender subgroups. A learning collaborative model
provides an effective forum for practices to improve HPV vac-
cine delivery.

KEYWORDS: adolescents; human papillomavirus vaccine;
provider prompt; quality improvement
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WHAT’S NEW

A multicomponent quality improvement-based inter-
vention in community practices as well as in continuity
clinics designed to change office systems reduced
missed opportunities for human papillomavirus vacci-
nations, and, for some subgroups, improved rates of hu-
man papillomavirus vaccine initiation and completion.

ANNUALLY IN THE United States, approximately 19,400
women and 12,100 men are affected by human papilloma-
virus (HPV)-related cancers,1 yet US HPV vaccination rates
have lagged behind those for other adolescent vaccines.
Because raising HPV vaccination rates is difficult, more
than 1 strategy should be implemented simultaneously.2

Many physicians recommend HPV vaccine inconsis-
tently, tepidly, or for older adolescents because they
fear parental hesitancy and prolonged office visits discus-
sing HPV vaccination.3,4 A strong recommendation by a
trusted health care professional is consistently cited
as one of the most important factors in parents’
vaccination decisions.5–7 Recent evidence underscores
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the importance of offering the HPV vaccine in the same
way, on the same day as other adolescent vaccines.8,9

Another potential improvement involves taking advan-
tage of all office visits for vaccination. Traditionally vac-
cines are recommended at preventive visits. However,
fewer than half of adolescents make regular preventive
visits during any single year.10,11 Missed opportunities
(MOs) for adolescent vaccination are common (69%–
82%).12 National data show that coverage with $1 dose
of HPV vaccine before age 13 for female adolescents could
have reached 91% if HPV vaccine were given concomi-
tantly with other vaccines.13 Thus, encouraging clinicians
to recommend HPV vaccine at every encounter is key.

Three more strategies deserve note. Provider prompts to
discuss and order vaccines can be an effective strategy to
reduce MOs.14 Although not always effective when used
alone,15,16 electronic health record (EHR) prompts have
been effective when combined with audit and feedback
aboutMOs.17 Patient reminder-recall, designed to increase pa-
tient demand for vaccination, is a well studied strategy to in-
crease rates of immunization for adolescents, including HPV
vaccination.18–23 Standing orders are another recommended
strategy to help increase vaccination rates.2 Standing orders
allow nurses (or others, per state law24) to administer vaccina-
tions according to a protocol. Reminder-recall and standing
orders are underused in pediatric primary care.25–27

Immunization experts and the Community Preventive
Services Task Force2 recognize that multiple interventions,
implemented simultaneously, are the best way to raise
coverage substantially. Quality improvement (QI) learning
collaboratives (LCs) might help clinicians implement HPV
vaccination interventions by sharing expertise and knowl-
edge among similar practice sites. Previously, we success-
fully decreased HPV MOs in a 12-month long LC of
resident continuity clinics.28 The goal of the current study
was to assess the effect of a shorter (9-month) QI interven-
tion on community practices as well as a larger group of
continuity clinics, because resident training sites are
unique and most patients across the country are seen in
community practices. The specific aim of this study was
to assess the effect of a multicomponent QI intervention
on decreasing MO rates for HPV vaccination. The goal
of the QI intervention was to reduce MOs by 20%. A sec-
ondary aim was to assess the effect on HPV vaccination
initiation and completion, with the goal of achieving at
least a 10% improvement in the proportion of adolescents
who have initiated the HPV vaccination series.
METHODS

CONTEXT

We conducted a 9-month QI project in 33 community
practices and 14 pediatric continuity clinics. The study
was approved by the University of Rochester institutional
review board. The National Improvement Partnership
Network recruited state improvement partnerships, which
then recruited community practices using their local rela-
tionships. Practices were located in Alabama, Maine,
New Hampshire, New Jersey, Tennessee, and Vermont.
Likewise, the Continuity Research Network (CORNET),29

a national practice-based research network composed of
pediatric resident continuity practices, recruited 14 clinics
via its e-mail newsletter. Continuity clinics received $2000
per practice to compensate for time needed for chart re-
views. American Board of Pediatrics, part 4 Maintenance
of Certification, and American Board of Family Medicine,
Part IVMaintenance of Certification for Family Physicians
were offered for all clinicians as an incentive to participate.

INTERVENTION

All participants were trained via webinar to deliver
strong provider recommendations about HPV vaccination
at the project’s initiation. All practices were encouraged
to implement provider prompts and participants received
training on reducingMOs for HPV vaccine at all visit types
by implementing such prompts. They also received
monthly feedback reports onMOs. Participants had the op-
tion of implementing 2 other evidence-based strategies—
standing orders and/or reminder-recall.
We encouraged each practice to form a QI team,

including at least 1 physician and nurse, resident physicians
(CORNET practices), and an additional office staff member.
The QI teams were responsible for educating other nurses
and providers in their respective practice about true HPV
vaccination contraindications, minimal dosing intervals,
vaccinating at all visits, and the importance of following a
single agreed upon immunization schedule. Before rooming
the patient, staff (nurses or medical assistants) were ex-
pected to review the patient’s immunization history and to
prompt the physician to order HPV vaccine using cues
such as a vaccine information statement, sticker, or EHR
prompt. Clinicians shared best practices to the intervention
during monthly LC calls. Each call, moderated by the study
team, began with a specific presentation (eg, addressing
vaccine safety, using standing orders), followed by practices
sharing successes and barriers they encountered.

MEASURES

Our primary outcome measure was MO for HPV vacci-
nation, defined as any visit in which a patient eligible to
receive HPV vaccine was not vaccinated. This was as-
sessed from a random sample of 50 patient charts (25 of
each gender), for patients 11 to 17 years who had visits
in the 9 months before the intervention, and again after
the intervention. Our secondary outcome measures were
HPV vaccination rates (proportion of adolescents who
initiated HPV vaccination (termed “initiation” and propor-
tion who completed the HPV vaccine series, termed
“completion”). Chart reviews included the patient’s race/
ethnicity, insurance status, age in years, visit type, whether
the patient received HPV vaccine at the visit, and if not, the
documented reason. HPV initiation rate was defined as the
number of patients who had $1 dose of HPV vaccination
divided by the total number of patient charts reviewed in
the 9-month period (50). The HPV completion rate was
defined as the number of patients who had 3 doses of
HPV vaccination divided by the total number of patient
charts reviewed in the 9-month period (50).



Table 1. Practice Demographic Characteristics (Preintervention)

Community

Practices

(n ¼ 33)

Continuity

Clinics

(n ¼ 14)

States, n 6 11
Number of patients 11–17 years of
age seen annually, n

28,272 15,163

Specialty, n
Pediatrics 30 14
Family medicine 3 0

Patient race, %
White 61 41
Black/African American 19 19
Asian 4 3
Unknown/not noted 14 34
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Our process measures were: 1) monthly MOs for vacci-
nation, and 2) the reason a vaccine was not given, if due. To
assess monthly MO data, providers reviewed charts for a
convenience sample of 10 patients aged 11 to 17 years
whowere eligible to receive an HPV vaccine at the visit be-
ing reviewed. Chart reviews included the HPV vaccine his-
tory, visit type (well care, acute, chronic, nurse-only, or
other), and the documented reason the patient was not
vaccinated (eg, refused/declined, postponed, contraindica-
tion, other). As a balancing measure, we asked each prac-
tice if the QI effort increased the administrative burden for
staff; 69% stated it did not.

Additionally, to understand changes in office practices
due to the project, we asked the lead clinician to complete
a survey (after they discussed it with their teams) at base-
line as well as at the end of the project. Questions included
perceptions of the strength of providers’ HPV vaccine rec-
ommendations according to patient gender and age, previ-
ous QI experience, and assessment of office strategies to
reduce MOs. Practices filled out a monthly Plan-Do-
Study-Act tool to report which intervention their site was
using, which parts of the intervention worked, and what
barriers were encountered.

ANALYSIS

PRIMARY OUTCOME

For comparison of baseline versus postintervention data,
we used McNemar chi-square tests to assess changes in of-
fice practices, and logistic regression with site fixed effects
and a clustered sandwich estimator at the patient level to
assess changes in MOs according to visit type and overall,
as well as HPV vaccine initiation and completion (without
a clustered sandwich estimator). We used logistic regres-
sion to assess differences in MOs on the basis of the type
and number of interventions and previous QI experience.
The unit of analysis was the visit for all MO analyses
and was the patient for all HPV series initiation and
completion analyses. All pre-post analyses were performed
with Stata Version 12 (StataCorp, College Station, Texas).

PROCESS MEASURE

Practices received individual site and aggregateMO data
in monthly practice reports during the intervention, which
included run charts for MOs overall, according to gender,
and visit type, in addition to the documented reasons that
patients were not vaccinated. For the qualitative analysis,
3 authors (C.M.R., H.T., R.W.-B.) reviewed the Plan-Do-
Study-Act logs to assess barriers and facilitators to
reducing MOs.
Other 2 4
Patient ethnicity, %
Hispanic/Latino 6 24
Not Hispanic/Latino 79 55
Unknown/not noted 15 21

Patient insurance, %
Public 46 55
Private 51 35
Uninsured/unknown 3 11

Total records reviewed, n 1646 683
RESULTS

PRACTICES

All continuity clinics and most of the community prac-
tices were pediatric offices, with 3 family medicine com-
munity practices included (Table 1). Most patients in
community practices were white, non-Hispanic, and
privately insured, whereas one-quarter of patients in the
continuity clinics were Hispanic, and most were publicly
insured.

MOS FOR HPV VACCINATION

MOs declined from 73.4% to 52.8% (P ¼ .03) for com-
munity practices and from 61.8% to 54.7% (P < .01) for
continuity practices (Table 2). Overall, 26 of 33 (79%)
community and 9 of 14 (64%) continuity practices reduced
their MOs during the project. The greatest MO reduction
occurred at nurse-only and well care visits for both groups.
Although the number of practices that self-selected each

combination of interventions was small, we performed an
exploratory analysis to assess rates of MOs for each sub-
group (Table 3). Among continuity clinics, the rates of
MOs were lowest for practices that implemented prompts
as well as reminder-recall; this pattern was not clearly
seen among community practices. However, among com-
munity as well as continuity clinic practices, the additional
use of standing orders did not appear to be beneficial.
We also performed an exploratory analysis to assess

whether practices with previous QI experiences achieved
larger reduction in MOs than practices without QI experi-
ence. All continuity clinics and 88% of community prac-
tices had QI experience. Community practices with QI
experience had a greater reduction in MOs than those
without, by 6 percentage points overall (69% to 63%).

PATTERNS OF MOS

Monthly run charts revealed variation in practice
improvement according to visit type (Fig. 1). MOs at acute
visits declined dramatically at first, then plateaued and rose
slightly in February. MOs at well visits declined slowly, but
steadily. At nurse visits, MOs increased from October to
December when many nurse visits were scheduled for
influenza vaccination, but subsequently declined (Fig. 1).



Table 2. Percent of Missed Opportunity According to Visit Type and Practice Group

Practice Type Visit Type Pre, n (%) Post, n (%) Percentage Point Difference P*

Community practices Well care 446 (53.2) 303 (34.2) �19.0 <.01
Acute/chronic care 1302 (92.5) 805 (82.3) �10.2 <.01
Nurse only 107 (38.8) 50 (14.8) �24.0 <.01
Other 32 (66.7) 15 (68.2) +1.5 .60
Total eligible visits 1887 (73.4) 1173 (52.8) �20.6 <.01

Continuity clinics Well care 132 (44.0) 113 (34.6) �9.4 .06
Acute/chronic care 295 (85.8) 287 (80.2) �5.6 <.01
Nurse only 28 (32.2) 22 (23.4) �8.8 .02
Other 10 (45.5) 11 (84.6) +39.1 .03
Total eligible visits 465 (61.8) 433 (54.7) �7.1 .03

*Logistic regression with site fixed effects and clustered sandwich estimator for patient.
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REASONS FOR MOS

Although the proportion of visits for which documenta-
tion for the reason for MOs increased, only 11% and 7% of
charts in community and continuity practices, respectively,
had documentation of HPV vaccination refusal (data not
shown).

VACCINATION RATES

In community practices, HPV vaccine initiation rates
improved significantly for female adolescents (from 66%
to 74% of female adolescents who had initiated the HPV
series; P < .01), male adolescents (57% to 65%;
P < .01), and overall (62% to 70%; P < .01) (Table 4).
In continuity clinics, initiation rates increased significantly
only for male adolescents (from 68% to 75%; P¼ .05) and
overall (71% to 77%; P < .01). Completion rates for the
HPV vaccination series improved overall for community
practices (from 39% to 43%; P¼ .04) and for male adoles-
cents in continuity clinic practices (36% to 44%; P ¼ .03).

CHANGES IN OFFICE SYSTEMS

Practices reported significant improvements in office
systems to reduce MOs (Fig. 2). By study end, more
practices posted a common schedule (from 42% to
71%), educated staff on valid doses (from 50% to
83%), and had an office policy to vaccinate at all visits
(from 50% to 85%; P < .01 for each). Strong recommen-
dations for the vaccine for 11- to 12-year-old patients
Table 3. Missed Opportunities Percentages on the Basis of the Numbe

Practice Type Visit Type

Prompts Only

CP, n ¼ 7

CC, n ¼ 8

Prompts a

CP, n ¼
CC, n

CP Well care 139 (40.1) 289 (4
Acute/chronic care 373 (82.3) 787 (8
Nurse only 21 (30.4) 72 (2
Other 1 (100.0) 31 (7
Total 534 (61.4) 1179 (6

CC Well care 134 (36.2) 37 (4
Acute/chronic care 388 (79.7) 72 (8
Nurse only 26 (28.0) 15 (3
Other 7 (63.6) 0 (
Total 555 (57.8) 124 (6

CP indicates community practices; CC, continuity clinics; SO, standin

Data are presented as n (%).

*Joint test from logistic regression with site fixed effects and clustered
were almost universal at baseline and postintervention
for continuity clinics (for female patients 100% pre and
post, for male patients from 93% to 100%; P ¼ 1), but
community practices improved from 65% to 85%
(P ¼ .06) for female patients and 56% to 82%
(P ¼ .02) for male patients (data not shown). As shown
in Figure 3, all practices except 1 implemented provider
prompts, some community practices instituted standing
orders, and several community and continuity practices
instituted reminder-recall.
PRACTICE BARRIERS AND FACILITATORS (QUALITATIVE

DATA)

The main practice barriers included concerns related to
prompts, time constraints, reaching parents for reminders,
parent education and refusal, and system issues. Regarding
prompts, practices noted that prompts might not be seen by
providers, might be ignored, and were sometimes missing
or incorrect. Some practices overcame these issues by
changing the prompt location to make it more visible, add-
ing the prompt to the visit preparation materials, and dis-
cussing vaccination in the previsit huddle. Practices that
struggled were not able to change the work flow, had diffi-
culty getting the staff to regularly prompt the provider, and
reported substantial staff turnover. Regarding time con-
straints, practices noted that the prompt or reminder-
recall could be time-consuming to implement on busy
days. Some noted that care coordinators assisted with the
r of Interventions

Interventions

nd SO

13

¼ 2

Prompts and R/R

CP, n ¼ 5

CC, n ¼ 1

Prompts, SO, and R/R

CP, n ¼ 8

CC, n ¼ 3 P*

4.3) 77 (41.4) 244 (45.3) <.01
8.7) 187 (87.8) 762 (91.4) <.01
9.8) 21 (30.4) 43 (18.4) .63
3.8) 13 (72.2) 2 (22.2) .91
4.7) 298 (61.3) 1051 (65.0) <.01
8.1) 18 (32.1) 57 (41.9) .29
7.8) 18 (90.0) 115 (87.1) .11
9.5) 1 (6.7) 8 (22.9) .16
0.0) 2 (100.0) 12 (57.1) .94
2.6) 39 (41.9) 192 (59.3) .02

g order; and R/R, reminder/recall.

sandwich estimator for patient.



Figure 1. Run chart of missed opportunities according to visit type.
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process. Practices that used reminder-recall noted texting
reminders and scheduling visits before patients leaving
the office to be successful. Regarding parent education
and refusal, some practices cited parent refusal as a consis-
tent barrier. Several practices overcame this, in part, by
educating staff to talk to parents, giving patients printed
material before seeing the physician, and having parents
sign a declination form if they refused. System issues
included difficulties with engaging leadership and
competing demands. Frequent reminders to staff about
the project and consistent prerounding helped practices
to perform well.
DISCUSSION

In this QI study, community practices and continuity
clinics reduced MOs for HPV vaccination via a multicom-
ponent intervention that included training in a strong pro-
vider recommendation, provider prompts, and audit with
feedback (plus optionally using reminder-recall and stand-
ing orders). This shows that the combined intervention we
previously found to be successful in continuity clinics was
even more successful in community practices, which had
higher rates of MOs at baseline. Community practices
and continuity clinics reducedMOs by 20 and 7 percentage
points, respectively. HPV vaccine initiation rates improved
by 8 and 6 percentage points, respectively, in community
practices and continuity clinics; HPV vaccine completion
rates also improved.
Table 4. HPV Vaccine Series Initiation and Completion Rates Before a

HPV Dose Practice Type

Female

Pre Post Difference P*

Initiation Community practice 66.3 74.3 þ8.0 <.01
Continuity clinic 73.4 79.6 þ6.2 .06

Completion Community practice 45.3 48.5 þ3.2 .21
Continuity clinic 51.7 51.1 �0.6 1.00

HPV indicates human papillomavirus; QI, quality improvement.

Data are presented as percentages except where otherwise noted.

*Logistic regression with site fixed effects.
As noted previously,30 our study suggests that changes
in office systems are critical for reducing MOs and raising
HPV vaccination rates. In addition to educating staff on
valid doses and designating a clinic champion, the 2
greatest changes noted by participating practices were
having every provider agree on a common schedule and
vaccinating at all visits. Both strategies have been recom-
mended by the Centers for Disease Control and Preven-
tion.31 Staff education was crucial to encouraging their
participation in reviewing vaccine records, and helped
nurses gain comfort addressing parental hesitation inde-
pendently. Practices that were unable to decrease MO
rates reported difficulty engaging the leadership and/or
experienced other priorities or changes that took prece-
dence. Successful practice system changes require leader-
ship and staff support, sufficient resources, and effective
communication.32

Provider prompts were implemented to reduceMOs at all
visits. Although many practices reported having some pro-
vider prompts at baseline, these were insufficient to avoid
MOs. Because our previous study of EHR prompts16 did
not show a reduction in MOs, for this current QI study we
ensured that practices that had EHR prompts also imple-
mented nurse-generated provider prompts as well, and that
providers and nurses were trained about how to alter proced-
ures to implement prompts. Our qualitative findings suggest
that prompts need to follow the “5 rights” of clinical deci-
sion support: the right information for the right person in
the right format via the right channel at the right time.33
nd After QI Intervention

Male Total

Pre Post Difference P* Pre Post Difference P*

57.1 65.1 þ8.0 <.01 61.7 69.7 þ8.0 <.01
68.0 74.9 þ6.9 .05 70.6 77.3 þ6.7 <.01
33.1 37.1 þ4.0 .07 39.3 42.8 þ3.5 .04
36.2 43.9 þ7.7 .03 43.6 47.5 þ3.9 .09
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Figure 2. Strategies to reduce missed opportunities for all practices combined.

ACADEMIC PEDIATRICS IMPROVING HPV VACCINATION IN PRIMARY CARE S51
Successful practices were able to optimize their EHR to pre-
sent the right information in a feasible work flow in addition
to having nurses or medical assistants review the informa-
tion. Other practices had inconveniently located EHR
prompts and staff who frequently failed to remind the pro-
vider because of forgetting or lack of training.

Vaccinations are traditionally administered at preventive
visits. In our study, MO rates were much lower at well
visits than other visits, as expected. We believe the
decrease in MOs that occurred at well visits was likely
because of providers offering a strong HPV vaccine recom-
mendation, rather than prompts. The MO decrease at acute
visits was likely because of a combination of changing of-
fice practice to vaccinate at these visits (incorporating
prompts), along with improved communication.

Overall, our multicomponent intervention was effec-
tive in reducing MOs across all visit types. One novel
finding in this study is the potential for using nurse-
only visits to reduce MOs for HPV vaccination. Studies
have not previously focused on nurse-only visits, yet
they constitute a sizeable proportion of all visits to pri-
mary care practices. Vaccinating at nurse-only visits is
efficient. Practices improved dramatically at these visits
Figure 3. Human papillomavirus vaccine office systems in place

before (pre) and after (post) intervention according to clinic type.
by having active nursing involvement. However, during
influenza vaccination season MOs increased because
neither families nor clinicians were prepared for HPV
vaccine administration at influenza vaccine clinics.
These findings suggest that it might be challenging dur-
ing the few months of influenza vaccinations to use nurse
visits for HPV vaccination, but practices might wish to
target nurse-only visits during the other months of the
year for HPV vaccinations.
HPV vaccine initiation rates increased for both genders

in community practices, and for male patients in continuity
clinics, likely because of a strong recommendation as well
as practice change. Vaccine completion rates improved
overall for community practices and for male patients in
continuity clinics. Baseline vaccination rates for male pa-
tients were lower than that for female patients, allowing
more opportunity to improve. The now recommended
2-dose schedule for adolescents starting vaccination before
age 15 years also is expected to help with completion
rates.34

Our study has numerous strengths. A large number of
community practices and pediatric continuity clinics with
sizeable patient numbers participated. We trained many
health care professionals in providing a strong HPV vac-
cine recommendation, which we expect to be sustainable.
We investigated a real-life, multicomponent intervention
in a relatively rapid cycle.
There are several study limitations and characteristics

that might limit generalizability. The continuity practices
received a modest participation incentive and most com-
munity practices already had QI infrastructure in place.
Although the practices reviewed their own charts and
entered data, the study team, who were supported by grant
funding, provided feedback reports and coaching. Some QI
aspects could be replicated on a larger scale with insurers
or health department reviews that report immunization
rates back to practices. Finally, practices volunteered to
participate, and might have been more willing to change
than other practices.



S52 RAND ET AL ACADEMIC PEDIATRICS
CONCLUSION

This QI study shows that a multicomponent interven-
tion, which includes training in giving a strong HPV vacci-
nation recommendation, with provider prompts as well as
feedback on MOs can reduce MOs for HPV vaccination
in community practices as well as continuity clinics and
improve HPV vaccination rates.
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