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Abstract

Since human papillomavirus (HPV) vaccine was first introduced for females in the United States
in 2006, vaccination policy has evolved as additional HPV vaccines were licensed and new data
became available. The United States adopted a gender neutral routine HPV immunization policy in
2011, the first country to do so. Vaccination coverage is increasing, although it remains lower than
for other vaccines recommended for adolescents. There are various reasons for low coverage, and
efforts are ongoing to increase vaccine uptake. The safety profile of HPV vaccine has been well
established from 10 years of postlicensure monitoring. Despite low coverage, the early effects of
the HPV vaccination program have exceeded expectations.
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During the first decade of the human papillomavirus (HPV) vaccination program in the
United States, there have been policy, communication, implementation, and monitoring
challenges. However, substantial progress has been made and advances in research have

led to policy and program changes. In this review we summarize the first 10 years of the
HPV vaccination program in the United States, including the evolution in vaccine policy, the
vaccination program and coverage, as well as information obtained postlicensure on these
safe and highly effective vaccines.
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Infection with HPV, the most common sexually transmitted infection, can lead to a variety of
HPV-associated cancers; approximately 31,500 cancers attributable to HPV occur annually
in the United States.:2 Although most HPV infections are transient, persistent infection
with oncogenic types can lead to precancerous lesions and cancer. Many HPV types can
infect the anogenital area but HPV 16 and HPV 18 are responsible for approximately 50%
of high-grade cervical dysplasias and 70% of cervical cancer cases. HPV 16 also is the
cause of most other cancers attributable to HPV, including vaginal, vulvar, anal, penile,

and oropharyngeal cancers.:3 Among HPV-attributable cancers, cervical cancers are the
most common in women and oropharyngeal cancers are the most common in men. The

total estimated number of HPV-attributable oropharyngeal cancers exceeds the number of
cervical cancers in the United States.? Other conditions caused by HPV include genital
warts and a rare but serious disease, recurrent respiratory papillomatosis, both due mainly to
HPV 6 and 11, types not considered oncogenic. HPV vaccines were developed to target the
most common types that cause cancer and large clinical trials showed high efficacy of the
vaccines for prevention of cervical precancer lesions and other clinical end points.# Three
HPV vaccines have been licensed for use in the United States.>6

HPV Vaccination Policy and Recommendations

In partnership with relevant professional organizations and following advice from the
Advisory Committee on Immunization Practices (ACIP), the Centers for Disease Control
and Prevention (CDC) makes vaccine policy in the United States. Recommendations are
published in the Morbidity and Mortality Weekly Report. Since the first HPV vaccine was
licensed in mid-2006, routine vaccination has been recommended for girls at age 11 or 12
years; the series can be started at age 9 years.” Vaccination has also been recommended
through age 26 years for women not vaccinated previously. Age 11 or 12 years was
recommended as the target age group because HPV vaccine should be administered before
potential exposure to HPV and to facilitate administration, because 11 or 12 years is the
age recommended for 2 other vaccines—tetanus-diphtheria-acellular pertussis vaccine and
meningococcal conjugate vaccine.>8 Although age recommendations for girls and women
have not changed since 2006, there have been several modifications to recommendations
over the past 10 years, after additional HPV vaccines were licensed and new data became
available from clinical trials (Table 1).

The first HPV vaccine, quadrivalent HPV vaccine (Merck & Co, Kenilworth, NJ), targeting
HPV 6, 11, 16, and 18, was licensed by the Food and Drug Administration (FDA) for use
in a 3-dose schedule in females aged 9 through 26 years in 2006, and was recommended
by ACIP that same year. A bivalent HPV vaccine (Glaxo-SmithKline, Rixensart, Belgium),
targeting HPV 16 and 18, was licensed for use in a 3-dose schedule in 2009.° Because

the initial vaccine trials were conducted only in women, it was not until 2009, after data
were available from clinical trials in men, that quadrivalent HPV vaccine was licensed for
males aged 9 through 26 years.10 Policy deliberations were ongoing regarding burden of
disease in men and cost-effectiveness, and data on efficacy against anal precancer end points
in men were still pending from clinical trials.13 After further consideration and availability
of additional data from these trials, in 2011 routine HPV vaccination was recommended
for boys aged 11 or 12 years and for those through 21 years not vaccinated previously.11
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The United States was the first country to recommend routine vaccination for boys and for
several years was one of the few countries to do s0.14 Modeling the projected effect of
vaccination provided important information to inform policy makers about policy decisions,
including vaccination of boys.15-17 The burden of disease among men, cost-effectiveness,
and effect of male vaccination when there is low vaccination coverage levels in women, as in
the United States in 2011, as well as equity considerations, informed the decision to include
boys in the routine immunization program.11

In 2014, a 9-valent HPV vaccine (Merck & Co) was licensed by the FDA for use in a
3-dose schedule in females and males, and was recommended by ACIP in early 2015 as 1
of 3 vaccines that could be used for females and 1 of 2 vaccines for males.® The 9-valent
HPV vaccine targets the same types as the quadrivalent HPV vaccine and 5 additional
cancer-causing types, HPV 31, 33, 45, 52, and 58.18

The most recent recommendation change was in late 2016.12 This was on the basis of
data showing that a 2-dose series in persons aged 9 through 14 years produced noninferior
antibody response compared with 3 doses in women aged 16 through 26 years, the age
group and schedule for which efficacy was shown in clinical trials.1® ACIP reviewed
immunogenicity data as well as other evidence and recommended 2 doses, ata 0, 6 to

12 month schedule, for immunocompetent persons starting the series before their 15th
birthday.12:20

Although all 3 HPV vaccines are licensed in the United States and ACIP did not
preferentially recommend any vaccine, almost all vaccine used through 2015 was
quadrivalent HPV vaccine. After the end of 2016, 9-valent HPV vaccine has been the only
HPV vaccine sold in the United States.

The ACIP charter calls for consideration of health economic data in ACIP deliberations,
although there is no official threshold for determining cost-effectiveness of vaccination in
the United States. HPV vaccine recommendations published in the CDC’s Morbidity and
Mortality Weekly Report have consistently included information about cost-effectiveness
(Table 2). Numerous modeling studies have indicated that routine HPV vaccination is

an efficient use of public health resources and will yield substantial reductions in HPV-
associated disease over time,1.16.21-29

HPV Vaccination Implementation

Almost all vaccinations are delivered by primary care providers in clinic-based settings in
the United States. There is public as well as private financing for vaccines. The Vaccines for
Children program supplies enrolled private and public health care providers with federally
purchased vaccines for use among uninsured, Medicaid-eligible, and other entitled children
through age 18 years.39 Under the Patient Protection and Affordable Care Act of 2010,
nongrandfathered private health plans must offer, at no cost to beneficiaries, vaccines

that are recommended by ACIP. Similarly, qualified health plans on the health insurance
exchanges that went into effect in 2014 must offer ACIP-recommended vaccines at no cost
to beneficiaries.
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In the first years of the HPV vaccination program, uptake of HPV vaccine among girls
paralleled other recently recommended vaccines for adolescents; however, the increase

in HPV vaccine coverage started to lag behind within 3 years after introduction.3!
Although HPV vaccine coverage, measured by the National Immunization Survey-Teen,
continues to increase, it remains substantially lower than coverage of tetanus-diphtheria-
acellular pertussis vaccine and meningococcal conjugate vaccine, recommended for the
same age group (Figure). At least 1- and 3-dose HPV vaccine coverage in 2016 among
adolescent girls aged 13 to 17 years was 65.1% and 43.0%, respectively. After the routine
recommendation for boys in 2011, coverage in boys began to increase; in 2016, at least
1-dose and 3-dose coverage among adolescent boys aged 13 to 17 years reached 56.0%
and 31.5%, respectively. There is striking variation according to state, with at least 1-
dose coverage in 2016 ranging among adolescent girls from 47.8% to 90.1% and among
adolescent boys from 36.9% to 87.8%. At least 1-dose coverage is significantly higher in
Hispanic and non-Hispanic black compared with non-Hispanic white adolescents and among
those living below compared with those living at or above the poverty level.31

Focusing specifically on receipt of the series at the recommended age, completion of the
HPV vaccination series by age 13 years has been low. In 2013, a median of 12% and 19%

of adolescent girls covered by commercial health plans and Medicaid plans, respectively,
had completed the series by age 13.32 However, National Immunization Survey-Teen data
indicate that receipt of 3 doses of HPV vaccine by age 13 years has increased with each birth
cohort from 11.3% among girls born in 1995 to 26.6% among girls born in 2000.33

Immunization requirements for school attendance, which are under the jurisdiction of states,
have been effective in raising coverage for other childhood and adolescent vaccines. Soon
after the HPV vaccine was introduced into the national program, school immunization
requirements were advocated by a manufacturer; this raised a variety of philosophical, legal,
and policy concerns and efforts were soon abandoned.34:3% Subsequently, requirements for
HPV vaccination were enacted in 2 jurisdictions, Virginia and Washington, DC. These
differed from school requirements for other vaccinations, and had broad opt-out provisions,
with little effect on coverage.36 More recently, Rhode Island, a state that already had
achieved high coverage, passed a school immunization requirement with a graduated
integration of HPV vaccination over 3 years, beginning in 2015.37

Although experts in health care frequently cite a lack of adolescent preventive health care
visits as a reason for low vaccination coverage, missed opportunities to administer HPV
vaccine are common. Among girls born during 1999 to 2000 who had not received HPV
vaccine before age 13 years, 80.1% had at least 1 missed opportunity to receive HPV
vaccination.33 Had HPV vaccine been administered during these encounters, first dose
coverage would have reached 89% by age 13.

Multiple studies have examined reasons for the low HPV vaccine coverage and, more
recently, practices that could improve uptake.38:39 Lack of strong provider recommendation
for vaccination at the recommended age has been identified by many studies and efforts to
increase coverage have included providing education, tools, and communication messages
for vaccine providers.#041 Parental attitudes toward HPV vaccination have also been
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reported as an important factor contributing to low coverage, especially by health care
providers.39 Although parents have reported concerns over safety of the vaccine or that

the vaccine was not necessary because their child was not sexually active,3%42 one study
suggested that parents view HPV vaccine as important as other vaccines recommended for
adolescents and that health care providers might overestimate parental concerns about the
HPV vaccine.*3 Reasons for low coverage are multifactorial and include factors at the parent
and health system, in addition to provider levels, all of which are further explored in this
special supplement.

Vaccine Safety

The safety profile of HPV vaccines has been well established from prelicensure trials as
well as from 10 years of postlicensure monitoring and evaluation.4 Prelicensure trials
included >15,000 participants for each of the 3 HPV vaccines, all with favorable findings
and the expected side effects of fever and injection site reactions.#>-48 Postlicensure

data from the United States and other countries have provided a range of assessments

of HPV safety through passive reporting and specific safety studies. The major systems
used to monitor and evaluate vaccine safety in the United States include the Vaccine
Adverse Event Reporting System (VAERS), the Clinical Immunization Safety Assessment
Network, the Vaccine Safety Datalink (VSD), and the FDA Sentinel System. Postlicensure
safety evaluations are also conducted through FDA postmarketing commitments by the
manufacturer. The first postlicensure safety evaluations for any new vaccine are from
VAERS. VAERS serves as an early warning system for potential safety concerns; however,
it is a passive, spontaneous reporting system, and causal associations cannot be determined.
Because mainly quadrivalent HPV vaccine was used in the United States through 2015, most
data from the United States monitoring systems are available for this vaccine. Early data
from VAERS showed disproportionate reporting for syncope and venous thromboembolic
events; venous thromboembolic events were later found not to be associated with HPV
vaccination in 5 large population-based studies.** Syncope is a known adverse event after
any injectable vaccination and, although uncommon, has continued to be identified after
HPV vaccination.*® Through March 2016, 79 million doses of quadrivalent vaccine had
been distributed in the United States.%0 Additional reviews of VAERS data during this

time have revealed no new vaccine safety concerns.?0-51 Other large population-based
evaluations of the general safety and death as well as multiple autoimmune and neurologic
conditions examined in the VSD and in other studies have been reassuring with no other
confirmed safety signals identified.#4 The CDC and FDA are continuously reviewing safety
of HPV vaccines, as for all vaccines. VAERS conducts detailed review of all serious reports.
Internationally, the World Health Organization Global Advisory Committee on Vaccine
Safety has reviewed HPV vaccine multiple times, most recently in 2017.52

Despite the large amount of data available regarding safety and reviews by expert
committees, >3 safety remains one of the top concerns among US parents whose children
have not yet initiated HPV vaccination.®! Traditional and social media have the ability

to promote misleading HPV safety concerns. Several specific safety concerns about HPV
vaccines have been raised over the past 10 years, including complex regional pain syndrome,
postural orthostatic tachycardia syndrome, and primary ovarian insufficiency, but none have
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been substantiated.** Communication and education about HPV vaccine safety and about
ongoing safety monitoring for all vaccines in the United States are important components of
the vaccination program.*!

HPV Vaccine Controversies and Communications

The first decade of the HPV vaccine program was punctuated by various controversies,
some mentioned earlier in this review, as well as media attention.>* Although first hailed

as a promising anticancer vaccine, this media theme was soon eclipsed by the push for
school immunization requirements for HPV vaccination. In 2007, a governor’s executive
order for an HPV vaccination requirement for middle school attendance in 1 state, which
was later reversed, pushed HPV vaccine into the political arena. This issue attracted media
coverage again when it was discussed in national presidential primary debates in 2011 and
in 2015.%4 Vaccine safety concerns, some of which have been raised by high visibility
political, media, or medical figures, have also garnered media attention.>> Widespread social
media and online sources of information often have had negative content.56 Among other
controversies was the concern that the vaccine would promote risky sexual behavior; this has
been examined and refuted by several studies.>”-58 Communication strategies have focused
on providing correct information rather than responding to specific media episodes, and on
providing assistance to providers so that they can deliver clear and strong messages about
the safety and efficacy of HPV vaccines.*!

Effect of HPV Vaccination

Prevention of HPV-associated cancer is the main goal of the HPV vaccination program;
however, the effect on HPV-associated cancers might not be observed for decades. Although
the United States has cancer registries in every state allowing trends in HPV-associated
cancers to be monitored,2 neither HPV infection nor other early outcomes of HPV are
nationally reportable conditions. Therefore, projects were implemented to monitor the effect
of HPV vaccination on HPV prevalence, genital warts, and cervical precancer lesions.
Despite low coverage achieved in the United States, data from national surveys showed
declines in HPV vaccine type prevalence among young women within the first 4 years of
the HPV vaccination program—a 56% decrease in HPV vaccine types in cervical-vaginal
samples from 14- to 19- year-olds.>® Decreases among 20- to 24-year-olds were first
observed within 6 years of vaccination introduction®® and by 8 years after introduction, there
was a 71% decrease in HPV vaccine type prevalence among 14- to 19-year-olds and a 61%
reduction among 20- to 24-year-olds (Table 3).81 The greater than expected effect observed
with the low 3-dose coverage suggests high effectiveness with <3 doses and/or effect of
herd protection. Clinic-based studies have also shown early effects of vaccination with

HPV vaccine type prevalence decreases in vaccinated as well as unvaccinated women.52-64
Other countries that have achieved high vaccine coverage with quadrivalent or bivalent HPV
vaccines have reported rapid and larger declines in vaccine type HPV infection as well as
evidence of herd effects.”® There has been no consistent evidence of type replacement from
HPV types not targeted by the vaccines.’!
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Declines in HPV-associated clinical outcomes have been observed in the United States

as well. Decreases in genital warts were appreciated at the same time as the decrease

in vaccine type HPV prevalence.%:66 On the basis of claims data from US health plans,
prevalence of anogenital warts per 1000 person-years declined from 2.9 in 2006 to 1.8 in
2010 among female adolescents aged 15 to 19 years.5® Cervical cancer precursor lesions are
more challenging to monitor because these are detected through cervical cancer screening
and recommendations in the United States have changed to start screening at an older age
and be done less frequently.”73 Therefore, cervical cancer precursors should ideally be
monitored among screened women or be informed by changes in screening rates. Cervical
cancer precursor lesions are being monitored through several efforts (Table 3). A 5-site
project includes active population-based surveillance of cervical intraepithelial neoplasia
(CIN) grades 2 and 3 and adenocarcinoma in situ (CIN2p) and associated HPV types in
women older than 18 years of age, as well as estimation of the annual rate of cervical
cancer screening among the catchment area population.’® Preliminary data indicate declines
in estimated CIN2p prevalence per 100,000 screened women age 18 to 20 and 21 to 24 years
between 2008 through 2010 and 2013 through 2014.57 Declines have also been observed in
a population-based study in New Mexico, where estimates of screening prevalence as well
as CIN are being obtained. When adjusting for changes in screening from 2007 to 2014,
reductions in CIN 1, 2, and 3 incidence were observed among 15- to 19-year-olds and for
CIN grade 2 among 20- to 24-year-olds.®8 Finally, on the basis of claims data restricted to
women who received screening, CIN2 decreased significantly among 15- to 19- and 20-to
24-year-olds®®.

Since HPV vaccine was introduced in 2006, vaccination policy has evolved as additional
HPV vaccines were licensed and new data became available. The United States adopted
a gender neutral routine HPV immunization policy in 2011, the first country to do so.

In 2016, a 2-dose schedule was recommended for persons starting vaccination at age

9 through 14 years. Postlicensure safety data show HPV vaccines are safe. However,
concerns about safety continue to be raised, highlighting the need to communicate the
robust safety monitoring systems and the available safety data from the United States and
other countries. HPV vaccine coverage is increasing, although it remains lower than for
other vaccines recommended for adolescents and has not reached the Healthy People target
of 80% coverage for 13-to 15-year-olds.”> Despite this, evidence of the early effect of the
vaccination program has exceeded expectations.

As we move into the second decade of the HPV vaccination program, there is considerable
room for improvement in vaccine uptake. The 2-dose schedule might facilitate vaccine
initiation and make it easier to complete the series. Knowledge from substantial research
over the past decade is being used to implement successful interventions for providers,
parents, and health systems to improve coverage. In the coming years, further data on these
highly effective vaccines can be expected from ongoing clinical research and monitoring
efforts. Continued collaborations between public health, private providers, health systems,
and other stakeholders will ensure that the United States can realize the full benefits of these
vaccines.

Acad Pediatr. Author manuscript; available in PMC 2024 August 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Markowitz et al.

Page 8

Financial disclosure:

Publication of this article was supported by the Centers for Disease Control and Prevention.

References
1.

10

11.

12.

13.

14.

15.

16.

17.

Forman D, de Martel C, Lacey CJ, et al. Global burden of human papillomavirus and related
diseases. Vaccine. 2012;30(suppl 5): F12—F23. [PubMed: 23199955]

. Centers for Disease Control and Prevention. Number of HPV-associated cancer cases per year.

Available at: https://www.cdc.gov/cancer/hpv/statistics/cases.htm. Accessed August 10, 2017.

. Saraiya M, Unger ER, Thompson TD, et al. US assessment of HPV types in cancers: implications

for current and 9-valent HPV vaccines. J Natl Cancer Inst. 2015;107:djv086. [PubMed: 25925419]

. Schiller JT, Castellsague X, Garland SM. A review of clinical trials of human papillomavirus

prophylactic vaccines. Vaccine. 2012;30(suppl 5):F123-F138. [PubMed: 23199956]

. Markowitz LE, Dunne EF, Saraiya M, et al. Human papillomavirus vaccination: recommendations

of the Advisory Committee on Immunization Practices (ACIP). MMWR Recomm Rep. 2014;63:1—
30.

. Petrosky E, Bocchini JA Jr, Hariri S, et al. Use of 9-valent human papillomavirus (HPV) vaccine:

updated HPV vaccination recommendations of the Advisory Committee on Immunization Practices.
MMWR Morb Mortal WKly Rep. 2015;64:300-304. [PubMed: 25811679]

. Markowitz LE, Dunne EF, Saraiya M, et al. Quadrivalent human papillomavirus vaccine:

recommendations of the Advisory Committee on Immunization Practices (ACIP). MMWR Recomm
Rep. 2007; 56:1-24.

. Kroger AT, Atkinson WL, Marcuse EK, et al. , Advisory Committee on Immunization Practices

(ACIP) Centers for Disease Control and Prevention (CDC). General recommendations on
immunization: recommendations of the Advisory Committee on Immunization Practices (ACIP)
(errata in: 2006;55:1303, Pediatrics 2007;119:1008 and 2007;56:256). MMWR Recomm Rep.
2006;55:1-48.

. Centers for Disease Control and Prevention (CDC). FDA licensure of bivalent human

papillomavirus vaccine (HPV2, Cervarix) for use in females and updated HPV vaccination
recommendations from the Advisory Committee on Immunization Practices (ACIP). MMWR Morb
Mortal WKly Rep. 2010;59:626-629. [PubMed: 20508593]

. Centers for Disease Control and Prevention (CDC). FDA licensure of quadrivalent human
papillomavirus vaccine (HPV4, Gardasil) for use in males and guidance from the Advisory
Committee on Immunization Practices (ACIP). MMWR Morb Mortal Wkly Rep. 2010;59: 630—
632. [PubMed: 20508594]

Centers for Disease Control and Prevention (CDC). Recommendations on the use of quadrivalent
human papillomavirus vaccine in males - Advisory Committee on Immunization Practices (ACIP),
2011. MMWR Morb Mortal Wkly Rep. 2011;60:1705-1708. [PubMed: 22189893]

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. [PubMed: 27977643]

Palefsky JM, Giuliano AR, Goldstone S, et al. HPV vaccine against anal HPV infection and anal
intraepithelial neoplasia. N Engl J Med. 2011;365:1576-1585. [PubMed: 22029979]

Fairley CK, Zou H, Zhang L, et al. Human papillomavirus vaccination in men who have sex with
men - what will be required by 2020 for the same dramatic changes seen in heterosexuals. Sex
Health. 2017;14:123-125. [PubMed: 27658180]

Kim JJ, Goldie SJ. Cost effectiveness analysis of including boys in a human papillomavirus
vaccination programme in the United States. Br Med J. 2009;339:b3884. [PubMed: 19815582]
Chesson HW, Ekwueme DU, Saraiya M, et al. The cost-effectiveness of male HPV vaccination in
the United States. Vaccine. 2011;29: 8443-8450. [PubMed: 21816193]

Elbasha EH, Dasbach EJ. Impact of vaccinating boys and men against HPV in the United States.
Vaccine. 2010;28:6858-6867. [PubMed: 20713101]

Acad Pediatr. Author manuscript; available in PMC 2024 August 19.


https://www.cdc.gov/cancer/hpv/statistics/cases.htm

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Markowitz et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Page 9

Joura EA, Giuliano AR, lversen OE, et al. A 9-valent HPV vaccine against infection and
intraepithelial neoplasia in women. N Engl J Med. 2015;372:711-723. [PubMed: 25693011]

Iversen OE, Miranda MJ, Ulied A, et al. Immunogenicity of the 9-valent HPV vaccine using
2-dose regimens in girls and boys vs a 3-dose regimen in women. JAMA. 2016;316:2411-2421.
[PubMed: 27893068]

Markowitz LE, Meites E, Unger ER. Two vs three doses of human papillomavirus vaccine: new
policy for the second decade of the vaccination program. JAMA. 2016;316:2370-2372. [PubMed:
27893046]

Sanders GD, Taira AV. Cost-effectiveness of a potential vaccine for human papillomavirus. Emerg
Infect Dis. 2003;9:37-48. [PubMed: 12533280]

Taira AV, Neukermans CP, Sanders GD. Evaluating human papillomavirus vaccination programs.
Emerg Infect Dis. 2004;10:1915-1923. [PubMed: 15550200]

Goldie SJ, Kohli M, Grima D, et al. Projected clinical benefits and cost-effectiveness of a human
papillomavirus 16/18 vaccine. J Natl Cancer Inst. 2004;96:604-615. [PubMed: 15100338]

Elbasha EH, Dasbach EJ, Insinga RP. Model for assessing human papillomavirus vaccination
strategies. Emerg Infect Dis. 2007;13: 28-41. [PubMed: 17370513]

Kim JJ, Goldie SJ. Health and economic implications of HPV vaccination in the United States. N
Engl J Med. 2008;359:821-832. [PubMed: 18716299]

Chesson HW, Ekwueme DU, Saraiya M, et al. Cost-effectiveness of human papillomavirus
vaccination in the United States. Emerg Infect Dis. 2008;14:244-251. [PubMed: 18258117]

Kim JJ. Targeted human papillomavirus vaccination of men who have sex with men in the USA: a
cost-effectiveness modelling analysis. Lancet Infect Dis. 2010;10:845-852. [PubMed: 21051295]

Brisson M, Laprise JF, Chesson HW, et al. Health and economic impact of switching from

a 4-valent to a 9-valent HPV vaccination program in the United States. J Natl Cancer Inst.
2016;108:djv282. [PubMed: 26438574]

Laprise JF, Markowitz LE, Chesson HW, et al. Comparison of 2-dose and 3-dose 9-valent human
papillomavirus vaccine schedules in the United States: a cost-effectiveness analysis. J Infect Dis.
2016;214: 685-688. [PubMed: 27234416]

CDC. Centers for Disease Control and Prevention. Vaccines for Children Program (VFC).
Auvailable at: http://www.cdc.gov/vaccines/programs/vfc/index.html. Accessed May 18, 2017.

Walker TY, Elam-Evans LD, Singleton JA, et al. National, regional, state, and selected local area
vaccination coverage among adolescents aged 13-17 years United States, 2016. MMWR Morb
Mortal WKly Rep. 2017;66:874-882. [PubMed: 28837546]

Ng J, Ye F, Roth L, et al. Human papillomavirus vaccination coverage among female adolescents in
managed care plans - United States, 2013. MMWR Morb Mortal WKly Rep. 2015;64:1185-1189.
[PubMed: 26513219]

Jeyarajah J, Elam-Evans LD, Stokley S, et al. Human papillomavirus vaccination coverage among
girls before 13 years: a birth year cohort analysis of the National Immunization Survey-Teen,
2008-2013. Clin Pediatr. 2016;55:904-914.

Stewart AM. Mandating HPV vaccination—private rights, public good. N Engl J Med.
2007;356:1998-1999. [PubMed: 17494936]

Mello MM, Abiola S, Colgrove J. Pharmaceutical companies’ role in state vaccination
policymaking: the case of human papillomavirus vaccination. Am J Public Health. 2012;102:893—
898. [PubMed: 22420796]

Moss JL, Reiter PL, Truong YK, et al. School entry requirements and coverage of nontargeted
adolescent vaccines. Pediatrics. 2016;138: 20161414,

Washburn T, Devi Wold A, Raymond P, et al. Current initiatives to protect Rhode Island
adolescents through increasing HPV vaccination. Hum Vaccin Immunother. 2016;12:1633-1638.
[PubMed: 27141954]

Smulian EA, Mitchell KR, Stokley S. Interventions to increase HPV vaccination coverage: a
systematic review. Hum Vaccin Immunother. 2016;12:1566-1588. [PubMed: 26838959]
Holman DM, Benard V, Roland KB, et al. Barriers to human papillomavirus vaccination among
US adolescents: a systematic review of the literature. JAMA Pediatr. 2014;168:76-82. [PubMed:
24276343]

Acad Pediatr. Author manuscript; available in PMC 2024 August 19.


http://www.cdc.gov/vaccines/programs/vfc/index.html

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Markowitz et al.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 10

Allison MA, Hurley LP, Markowitz L, et al. Primary care physicians’ perspectives about HPV
vaccine. Pediatrics. 2016;137:e20152488.

CDC. Centers for Disease Control and Prevention. Human papillomavirus (HPV). For clinicians.
Available at: https://www.cdc.gov/hpv/hcp/index.html. Accessed May 18, 2017.

Lindley MC, Jeyarajah J, Yankey D, et al. Comparing human papillomavirus vaccine knowledge
and intentions among parents of boys and girls. Hum Vaccin Immunother. 2016;12:1519-1527.
[PubMed: 27003108]

Healy CM, Montesinos DP, Middleman AB. Parent and provider perspectives on immunization:
are providers overestimating parental concerns? Vaccine. 2014;32:579-584. [PubMed: 24315883]

Gee J, Weinbaum C, Sukumaran L, et al. Quadrivalent HPV vaccine safety review and safety
monitoring plans for nine-valent HPV vaccine in the United States. Hum Vaccin Immunother.
2016;12:1406-1417. [PubMed: 27029786]

Descamps D, Hardt K, Spiessens B, et al. Safety of human papillomavirus (HPV)-16/18 AS04-
adjuvanted vaccine for cervical cancer prevention: a pooled analysis of 11 clinical trials. Hum
Vaccin. 2009;5: 332-340. [PubMed: 19221517]

Moreira ED Jr, Block SL, Ferris D, et al. Safety profile of the 9-valent HPV vaccine: a combined
analysis of 7 phase Ill clinical trials. Pediatrics. 2016;138:620154387.

Guardasil (human papillomavirus quadrivalent [types 6, 11, 16, and 18] vaccine, recombinant)
Suspension for intramuscular injection [prescribing information]. Whitehouse Station, NJ: Merck
& Co; 2011.

Cervarix (human papillomavirus bivalent [types 16, 18] vaccine, recombinant) Suspension for
intramuscular injection [prescribing information]. Rixensart, Belgium; GlaxoSmithKline.
Centers for Disease Control and Prevention (CDC). Syncope after vaccination-United States,
January 2005-July 2007. MMWR Morb Mortal Wkly Rep. 2008;57:457-460. [PubMed:
18451756]

CDC. Centers for Disease Control and Prevention. Frequently asked questions about HPV
vaccine safety. Available at: https://www.cdc.gov/vaccinesafety/vaccines/hpv/hpv-safety-fags.html.
Accessed May 18, 2017.

Stokley S, Jeyarajah J, Yankey D, et al. Human papillomavirus vaccination coverage among
adolescents, 2007-2013, and postlicensure vaccine safety monitoring, 2006—2014-United States.
MMWR Morb Mortal WKly Rep. 2014;63:620-624. [PubMed: 25055185]

World Health Organization. Meeting of the Global Advisory Committee on Vaccine Safety, 7-8
June 2017. Wkly Epidemiol Rec. 2017;92: 393-404. [PubMed: 28707463]

I0M (Institute of Medicine). Adverse effects of vaccines: Evidence and causality. Washington, DC:
The National Academies Press; 2012.

Gollust SE, LoRusso SM, Nagler RH, et al. Understanding the role of the news media in

HPV vaccine uptake in the United States: synthesis and commentary. Hum Vaccin Immunother.
2016;12:1430-1434. [PubMed: 26554612]

Katie Couric show on HPV vaccine sparks backlash, 2013. Available at: http://Awww.cbsnews.com/
news/katie-couric-show-on-hpv-vaccine-sparks-backlash/. Accessed May 18, 2017.

Briones R, Nan X, Madden K, et al. Whenvaccines goviral:an analysis of HPV vaccine coverage on
YouTube. Health Commun. 2012;27:478-485. [PubMed: 22029723]

Bednarczyk RA, Davis R, Ault K, et al. Sexual activity-related outcomes after human
papillomavirus vaccination of 11-to 12-year-olds. Pediatrics. 2012;130:798-805. [PubMed:
23071201]

Hansen BT, Kjaer SK, Arnheim-Dahlstrom L, et al. Human papillomavirus (HPV) vaccination
and subsequent sexual behaviour: evidence from a large survey of Nordic women. Vaccine.
2014;32:4945-4953. [PubMed: 25045810]

Markowitz LE, Hariri S, Lin C, et al. Reduction in human papillomavirus (HPV) prevalence
among young women following HPV vaccine introduction in the United States, National Health
and Nutrition Examination Surveys, 2003-2010. J Infect Dis. 2013;208:385-393. [PubMed:
23785124]

Markowitz LE, Liu G, Hariri S, et al. Prevalence of HPV after introduction of the vaccination
program in the United States. Pediatrics. 2016;137:e20151968.

Acad Pediatr. Author manuscript; available in PMC 2024 August 19.


https://www.cdc.gov/hpv/hcp/index.html
https://www.cdc.gov/vaccinesafety/vaccines/hpv/hpv-safety-faqs.html
http://www.cbsnews.com/news/katie-couric-show-on-hpv-vaccine-sparks-backlash/
http://www.cbsnews.com/news/katie-couric-show-on-hpv-vaccine-sparks-backlash/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Markowitz et al.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Page 11

Oliver S, Unger ER, Lewis R, et al. Prevalence of human papillomavirus among females after
vaccine introduction — National Health and Nutrition Examination Survey, United States, 2003—
2014. J Infect Dis. 2017;216:594-603. [PubMed: 28931217]

Dunne EF, Naleway A, Smith N, et al. Reduction in human papillomavirus vaccine type prevalence
among young women screened for cervical cancer in an integrated US healthcare delivery system
in 2007 and 2012. J Infect Dis. 2015;212:1970-1975. [PubMed: 26123561]

Kahn JA, Brown DR, Ding L, et al. Vaccine-type human papillomavirus and evidence of herd
protection after vaccine introduction. Pediatrics. 2012;130:6249-256. [PubMed: 22778297]

Kahn JA, Widdice LE, Ding L, et al. Substantial decline in vaccine-type human papillomavirus
(HPV) among vaccinated young women during the first 8 years after HPV vaccine introduction in
a community. Clin Infect Dis. 2016;63:1281-1287. [PubMed: 27655996]

Flagg EW, Schwartz R, Weinstock H. Prevalence of anogenital warts among participants in
private health plans in the United States, 2003-2010: potential impact of human papillomavirus
vaccination. Am J Public Health. 2013;103:1428-1435. [PubMed: 23763409]

Perkins RB, Legler A, Hanchate A. Trends in male and female genital warts among adolescents
in a safety-net health care system 2004-2013: correlation with introduction of female and male
human papillomavirus vaccination. Sex Transm Dis. 2015;42:665-668. [PubMed: 26562694]

Gargano JW, Johnson M, Griffin MR, et al. Trends in high-grade cervical lesions and cervical
cancer screening in five states, 2008—-2014. Presented at the 31st International Papillomavirus
Conference; February 28-March 4, 2017; Cape Town, South Africa.

Benard VB, Castle PE, Jenison SA, et al. Population-based incidence rates of cervical
intraepithelial neoplasia in the human papillomavirus vaccine era. JAMA Oncol. 2017;3:833-837.
[PubMed: 27685805]

Flagg EW, Torrone EA, Weinstock H. Ecological association of human papillomavirus vaccination
with cervical dysplasia prevalence in the United States, 2007-2014. Am J Public Health.
2016;106: 2211-2218. [PubMed: 27736208]

Drolet M, Benard E, Boily MC, et al. Population-level impact and herd effects following human
papillomavirus vaccination programmes: a systematic review and meta-analysis. Lancet Infect Dis.
2015;15:565-580. [PubMed: 25744474]

Mesher D, Soldan K, Lehtinen M, et al. Population-level effects of human papillomavirus
vaccination programs on infections with nonvaccine genotypes. Emerg Infect Dis. 2016;22:1732—
1740. [PubMed: 27648688]

Saslow D, Solomon D, Lawson HW, et al. American Cancer Society, American Society for
Colposcopy and Cervical Pathology, and American Society for Clinical Pathology screening
guidelines for the prevention and early detection of cervical cancer. Am J Clin Pathol.
2012;137:516-542. [PubMed: 22431528]

Moyer VA. Screening for cervical cancer: U.S. Preventive Services Task Force recommendation
statement. Ann Intern Med. 2012;156: 880-891. [PubMed: 22711081]

Hariri S, Johnson ML, Bennett NM, et al. Population-based trends in high-grade cervical lesions
in the early human papillomavirus vaccine era in the United States. Cancer. 2015;121:2775-2781.
[PubMed: 26098295]

Healthy People 2020. Immunization and infectious disease. Healthy People 2020. Immunization
and Infectious Disease. 2011. Available at: https://www.healthypeople.gov/2020/topics-objectives/
topic/immunization-and-infectious-diseases/objectives. Accessed May 18, 2017.

Acad Pediatr. Author manuscript; available in PMC 2024 August 19.


https://www.healthypeople.gov/2020/topics-objectives/topic/immunization-and-infectious-diseases/objectives
https://www.healthypeople.gov/2020/topics-objectives/topic/immunization-and-infectious-diseases/objectives

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Markowitz et al.

Percent Vaccinated

Page 12
100 — Routine HPV Routine HPV
recommendation recommendation
for female adolescents for male adolescents
90 | l l L — Tdap
>1 MenACWY
80 — /,./——‘—‘
70 —
>1 HPV (females)
60 —
1 HF
50 —
>3 HPV (females)
40 —
30 — 23 HPV (males)
20 —
10 —
0 1 1 T T T T T T | |
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Survey Year

Figure.
Estimated vaccination coverage among adolescents aged 13 to 17 years, National

Immunization Survey-Teen, United States, 2006 through 2016. Coverage on the basis

of provider records; a revised definition of adequate provider data was used starting in

2013. HPV indicates human papillomavirus vaccine; Tdap, tetanus, diphtheria, and acellular
pertussis vaccine; and MenACWY, meningococcal ACWY vaccine.
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