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Abstract

Objective: To evaluate human papillomavirus (HPV) vaccination coverage among adolescents in
the U.S. using birth cohort analysis.

Methods: We conducted a birth cohort analysis among adolescents born during 1999-2009

using National Immunization Survey-Teen (NIS-Teen), a random-digit dialed household telephone
survey that also includes vaccination data from providers. We analyzed 131,553 records from 2016
to 2022 NIS-Teen data to determine: trends in coverage with =1 HPV vaccine dose before age

13 years and cumulative coverage from age 13-17 years; sociodemographic factors associated
with HPV vaccination before age 13 years; missed HPV vaccination opportunities and the
potential achievable coverage if opportunities were not missed; and trends in completion of HPV
vaccination series. Regression analysis and Kaplan-Meier method provided the average percentage
increase in coverage, and cumulative coverage from age 13-17 years stratified by birth cohorts,
respectively.

Results: HPV vaccination initiation before age 13 years increased from 27.0 % among
adolescents born in 1999 to 69.8 % among those born in 2009. Overall, cumulative percent
with =1 HPV vaccine dose increased from 51.3 % before age 13 years to 74.9 % through age
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17 years. Having a preventive visit at ages 11-12 years and being insured were associated with
higher =1 HPV vaccine dose coverage. Among the 38,568 (29.3 %) adolescents unvaccinated for
HPV, 31,513 (82.5 %) missed =1 HPV vaccination opportunity. The potential achievable coverage
if opportunities were not missed was 94.8 %. Completion of HPV vaccination series before age
13 years increased from 10.3 % among adolescents born in 1999 to 42.2 % among those born in

20009.

Conclusions: Coverage with =1 HPV vaccine dose increased by birth cohort among adolescents
born 1999-2009 but remained suboptimal, especially among uninsured adolescents. Missed
opportunities may be reduced by effective HPV vaccination implementation and uptake strategies
and by administering all recommended vaccines during the same visit.
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1. Introduction

Human papillomavirus (HPV) is the most common sexually transmitted infection in the
United States; over 42 million people are infected with types of HPV that are known to
cause disease, and approximately 13 million new infections occur every year [1,2]. HPV
causes approximately 37,000 cancers annually: 21,500 among women and 15,500 among
men [3]. HPV vaccination can prevent more than 90 % of cancers caused by HPV. There are
three HPV vaccines licensed for use in the United States: a bivalent vaccine (2vHPV) for
use in females, protecting against HPV subtypes 16 and 18; a quadrivalent vaccine (4vHPV)
for use in males and females, protecting against HPV subtypes 6, 11, 16 and 18; and a
9-valent (9vHPV) vaccine for use in males and females, protecting against HPV subtypes 6,
11, 16, 18, 31, 33, 45, 52 and 58 [3-5]. As of late 2016, only 9vHPV vaccine is distributed in
the United States. This vaccine protects individuals against seven HPV types that can cause
HPV-associated cancers two types that cause anogenital warts [1,3,4].

HPV vaccination is most effective when given in early adolescence before exposure to HPV
through sexual contact [7-9]. Routine HPV vaccination was first recommended for girls in
2006 and for boys in 2011 as a 3-dose schedule. Currently, the Advisory Committee on
Immunization practices (ACIP) recommends routine HPV vaccination for both boys and
girls at age 11 or 12 years, but vaccination can start at age 9 years. The HPV vaccination
series is recommended to be completed before the 13th birthday, but catch-up vaccination is
recommended after age 13 years. Beginning in 2016, ACIP recommended a 2-dose schedule
for adolescents who initiate the vaccination series before age 15 years, and 3 doses for those
who initiate the vaccination series at ages 15 through 26 years and for immunocompromised
persons [9]. HPV vaccination is recommended for all persons through age 26 years who are
not adequately vaccinated and can be given to adults aged 27 through 45 years based on
shared clinical decision-making [10].

Although coverage with =1 dose HPV vaccination among adolescents aged 13-17 years
has increased from 60.4 % in 2016 to 76.0 % in 2022, it is still considerably lower than
the coverage for other adolescent vaccines such as the tetanus toxoid, reduced diphtheria
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toxoid, and acellular pertussis (Tdap) vaccine (89.9 %) and the meningococcal conjugate
(MenACWY) vaccine (88.6 %) [11,12]. The proportion of adolescents who had completed
the HPV vaccination series in 2022 was low (62.6 %) [11,12].

This evaluation focuses on adolescent boys and girls born during 1999-2009. The purpose
of the evaluation is to determine: (1) trends in coverage with =1 dose HPV vaccine before
age 13 years, comparing between boys and girls, (2) cumulative coverage with =1 HPV
vaccine dose from 13 to 17 years across birth year cohorts, (3) sociodemographic factors
associated with receipt of 21 dose HPV vaccine before age 13 years, (4) percentage of
adolescents who had missed opportunities for HPV vaccination initiation before age 13
years, and the potential achievable coverage if these opportunities had not been missed,
(5) trends in completion of the recommended HPV vaccination series before age 13 years,
comparing between boys and girls, and (6) cumulative completion of the HPV vaccination
series from 13 to 17 years by birth year cohort. The findings of this study will be used

to guide focused interventions to improve HPV vaccination coverage in order to reduce
morbidity and mortality from HPV infection and associated cancers.

2. Methods

2.1

Data sources

We used National Immunization Survey-Teen (NIS-Teen) data from 2016 to 2022 for this
analysis. NIS-Teen collects data in two phases: a random-digit dialed telephone survey

of parents or guardians that identifies households with adolescents 13-17 years old,
followed by a mailed survey sent to vaccination providers of adolescents whose parents
consented to the release of the adolescents’ provider-reported vaccination histories [15].
The household survey provided sociodemographic characteristics, insurance status, and
access to care information, such as number of times teen has seen provider in the last

12 months, preventative visit at age 11-12 years, and number of vaccination providers. We
also requested consent to obtain vaccination histories from providers. Vaccination histories
included information on vaccination types, doses, dates administered and administrative data
such as, provider visits, number of vaccination providers, facility type and facility location.
These data obtained from providers were used to estimate coverage.

For the survey years 2016-2017, the NIS-Teen sampling frame included both landlines and
cellular telephones (dual frame). From 2018, the NIS-Teen switched to a single cell-phone
frame sampling design to increase efficiency. From 2016 to 2022, the Council of American
Survey Research organization household response rates for NIS-Teen ranged from 19.7 %
to 32.7 %. The proportion of completed interviews that included adequate provider datal
ranged from 41.0 % to 53.9 %. This activity was reviewed by Centers for Disease Control
and Prevention (CDC) and was conducted consistent with applicable federal law and CDC
policy. 2

LTeens with at least one non—-COVID-19 vaccination reported by a provider and those who had received no vaccinations were
considered to have adequate provider data. “No vaccinations” indicates that the vaccination status is known because the parent or
guardian indicated there were no vaccinations and the providers returned no immunization history forms or returned them indicating
that no vaccinations had been administered. Teens with unknown vaccination status or with missing dates of vaccination were
considered to have inadequate provider data.
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2.2. Definitions and outcome measures

Receipt of =1dose of HPV vaccine (HPV vaccination initiation) was the primary outcome
measure of coverage before age 13 years and from 13 to 17 years. Beginning in 2016,
adolescents who had completed the HPV vaccination series included those with >3 doses,
and those with 2 doses when the first HPV vaccine dose was initiated at age < 15 years
and with =5 months minus 4 days between the first and second dose [9]. Prior to 2016, an
adolescent was considered to have completed the HPV vaccination series with 3 or more
doses of HPV vaccine, regardless of age at vaccination initiation. Date of birth and date of
HPV vaccination were used to determine age at vaccination. Age at vaccination was used
to calculate HPV vaccination coverage for adolescents before they reached age 13 years (up
to the day before the 13th birthday), and from age 13-17 years by birth year cohorts. We
combined NIS-Teen data collected from the 2016 to 2022 surveys and grouped adolescents
by their year of birth (1999 through 2009).

We then determined the proportion of adolescents who missed opportunities for vaccination,
and the potential achievable coverage with =1 dose HPV vaccine before age 13 years in

the combined 1999-2009 birth year cohorts. At least one missed opportunity for HPV
vaccination was defined as a provider visit occurring on or after age 11 years and before

the 13th birthday during which an adolescent who was unvaccinated for HPV received at
least one vaccine but did not receive the first dose of HPV vaccine. Achievable coverage was
defined as the coverage with =1 dose of HPV vaccine that could have been attained if HPV
vaccination opportunities had not been missed.

2.3. Statistical analyses

We conducted our analyses in six parts, (1) trends in coverage with =1 dose HPV vaccine
before age 13 years (on-time initiation), (2) trends in cumulative coverage with >1 dose
HPV vaccine from 13 to 17 years (catch-up or late initiation), (3) sociodemographic factors
associated with on-time initiation of HPV vaccination, and (4) proportion of adolescents
who had missed opportunities for HPV vaccination before age 13 years, and the potential
achievable coverage if these opportunities had not been missed, (5) trends in completion of
the HPV vaccination series before age 13 years (on-time completion of all recommended
doses), and (6) trends in cumulative completion of the HPV vaccination series from

13 to 17 years (catch up or late completion of all recommended doses). We used SAS-
callable SUDAAN (version 11, RTI International) to compute the weighted coverage by
sociodemographic factors for the birth year cohorts 1999-2009.

For (1) and (5), we used Microsoft excel to generate trends in weighted coverage with =1
dose HPV vaccine before age 13 years and completion of the HPV vaccination series before
age 13 years. For (1), we also used regression analysis to compute the average percentage
point increase in HPV vaccination initiation before age 13 years across the birth year
cohorts. The average birth year cohort percentage point increase was defined as the slope of
the linear regression line [15]. For (2) and (6), we used the Kaplan-Meier method to estimate
the cumulative percent receiving >1-dose HPV vaccine from age 13-17 years, stratified by

245CFR. part 46.102(1)(2); 21C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S. C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.
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annual birth year cohort. For (3), the analysis of sociodemographic factors associated with
vaccination before age 13 years, birth cohorts were grouped into 1999-2006 and 2007-2009.
The 2007-2009 group provides most recent associations which are more reflective of the
current situation while the 1999-2006 group provides historical associations which help to
show changes over time. We used SAS-callable SUDAAN (version 11, RTI International)

to conduct bivariate analysis of HPV vaccination coverage and socio-demographic factors
among boys and girls within each of the birth year cohorts for 1999-2009. For (4), we added
missed opportunities for HPV vaccination before age 13 years, to the observed coverage
with =1 dose HPV vaccine to determine the potential achievable coverage if opportunities
had not been missed. For all the analyses, we used survey weights designed to increase

the representativeness of the weighted sample. The reciprocal of the estimated variance of
vaccination coverage estimates was used for weights. HPV vaccination trends within birth
year cohorts were assessed with weighted least squares linear regression models [14].

3. Results

We analyzed a total of 131,553 records for adolescents aged 13-17 years born during 1999—
2009 and included in the 2016-2022 NIS-Teen surveys. Table 1 shows the demographic
characteristics of the sample. The proportion of boys in the sample was 51 %, and the
proportion of girls was 49 %.

4. Trends in coverage with 21 dose HPV vaccine before age 13 years

Fig. 1 shows estimated HPV vaccination coverage with >1 dose before age 13 years by sex
and birth year cohort. Vaccination coverage significantly increased (test for trend, £<.05)
from 27.0 % among adolescents born in 1999 to 69.8 % among those born in 2009; coverage
for girls increased from 37.4 % to 73.4 % and coverage for boys increased from 16.9 %

to 65.9 %. Coverage increased with each subsequent birth year cohort, except for the 2008
birth year cohort, where there was a decline in coverage. The average birth year percentage
point increase was 4.6 and was statistically significant (P < .05). Among the 1999-2007
birth year cohorts, coverage with =1 dose HPV vaccine before age 13 years was higher
among girls when compared with boys. In the 2008 and 2009 birth year cohorts, coverage
with =1 dose HPV vaccine was similar between boys and girls.

1. Trends in cumulative coverage from age 13-17 years

Fig. 2 shows the cumulative percent with =1 dose of HPV vaccine by age for each birth year
cohort. Cumulative coverage increased with age for each birth year cohort. For birth years
assessed for vaccination before their 18th birthday (born 1999-2005), >1 dose coverage
increased from <13 years to <18 years by a range of 20.0 to 37.7 percentage points across
the birth years (e.g., for those born in 2005, coverage increased from 58.7 % by <13

years to 78.7 % by <18 years, a 20.0 percentage point increase). The 2007-2009 birth

year cohorts reached higher coverages earlier than the 1999-2001 birth year cohorts. For
example, the 2007-2009 birth year cohorts achieved at least 70 % coverage with =1 dose
HPV vaccine before age 14 years whereas the 1999-2001 birth year cohorts had not reached
70 % coverage by age 17 years. Increases in cumulative coverage with =1 dose of HPV
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vaccination for all birth year cohorts appeared to slow around age 16 years, with none of the
cohorts reaching 80 % coverage before age 18 years.

5. Sociodemographic factors associated with on-time HPV vaccination

initiation

Table 2 compares coverage with =1 dose HPV vaccine before 13 years for the

combined 2007-2009 and 1999-2006 birth year cohorts and by select sociodemographic
characteristics. For the 2007-2009 birth year cohorts, the characteristics that were
significantly associated with a higher coverage with =1 dose HPV vaccine before age 13
years compared with the referent group included female sex (68.8 %), being Hispanic (71.2
%) or non-Hispanic Black (71.2 %), those whose mothers were never married (70.6 %),
households below poverty level (72.9 %), those who had any Medicaid insurance (69.6

%), those who had a preventative visit at age 11 or 12 years (74.5 %), and those living in
Midwest (68.9 %) and West (69.7 %) census regions (P < .05). Characteristics significantly
associated with lower coverage included those whose mothers had some college education
or were college graduates (63.2 %), those without insurance (50.3 %), those living in
Non-Principal City Metropolitan Statistical Area (64.3 %) and Non-Metropolitan Statistical
Area (Non-MSA) (63.7 %), and those who receive care from a military/Women, Infants and
Children clinic or a pharmacy (30.3 %) (P < .05). Notably, coverage with =1 dose HPV
vaccine before 13 years was significantly higher among the most recent cohorts of 2007—
2009 compared with the 1999-2006 birth year cohorts across all the sociodemographic
factors examined. Also, the 2007-2009 birth cohorts show narrowing of sociodemographic
differences compared to the 1999-2006 birth cohorts.

6. Missed HPV vaccination opportunities and potential achievable

coverage if opportunities were not missed

Table 3 shows observed coverage, missed HPV vaccination opportunities, and potentially
achievable coverage with =1 dose HPV vaccine for the combined cohorts by
sociodemographic characteristics. A total of 38,568 (29.3 %) adolescents had not received
any HPV vaccine dose (unvaccinated) before age 13 years. Among those who were
unvaccinated, 31,513 (82.5 %) had at least one missed opportunity for HPV vaccination
before age 13 years, defined as unvaccinated adolescents having had a provider visit

where another vaccine was administered but the HPV vaccine was not. Overall, if HPV
vaccination opportunities had not been missed, coverage with =1 dose HPV vaccine would
have increased from the observed 70.6 % to 94.8 %. Population groups with the highest
proportion of missed opportunities among the unvaccinated included those who had a well
child visit at 11 or 12 years (94.9 %), those living in the Northeast Census region (89.3

%), those born outside the U.S. (88.5 %) and those obtaining services from a mixture of
facilities (88.3 %). Groups with the largest percentage point difference between observed
and potential coverage included those receiving services from a military/WWomen, Infants and
Children clinic or a pharmacy (49.9 percentage points), those living in Non-metropolitan
Statistical Areas (29.6 percentage points), those with preventative visit at 11 or 12 years (29
percentage points) and Non-Hispanic Whites (28.1 percentage points).
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7. Trends in completion of the recommended HPV vaccination series

before age 13 years

Fig. 3 shows trends in completion of the recommended HPV vaccination series by age 13
years for each birth year cohort. The proportion of adolescents who were up to date with
their HPV vaccination before age 13 years increased from 10.3 % for the 1999 birth year
cohort to 42.2 % for the 2009 birth year cohort, an increase of 31.9 percentage points from
the oldest birth year cohort to the most recent one: coverage for girls increased from 15.8

% to 43.8 % and coverage for boys increased from 5.0 % to 40.5 %. The percentage of
adolescents who had completed the HPV vaccination series was higher among girls when
compared with boys from the 1999 birth year cohort through the 2005 cohort, except for the
2004 birth year cohort where the difference was not statistically significant. For the 2006—
2009 birth year cohorts, the percent of adolescents who had completed the HPV vaccination
series was similar among boys and girls.

8. Trends in cumulative completion of the HPV vaccination series from 13

to 17 years

Fig. 4 shows the cumulative proportion of adolescent boys and girls who had completed

the recommended HPV vaccination series, stratified by birth year cohort. The proportion

of adolescents who had completed the HPV vaccination series increased with age for

each birth year cohort. For adolescents born during 1999-2005 for which information was
available to assess coverage before age 18 years, the proportion who had completed the
HPV vaccination series increased from <13 years to <18 years by a range of 34.9 to

41.0 percentage points. For example, for the 2003 birth year cohort, the proportion of
adolescents who had completed the HPV vaccination series increased from 24.3 % before
age 13 years to 62.2 % before age 18 years, an increase of 41.0 percentage points. Also,

the proportion of adolescent who had completed the HPV vaccination series increased across
birth year cohorts. For example, the proportion of adolescents who had completed the HPV
vaccination series before age 17 years increased from 50.0 % for the 1999 birth year cohort
to 66.9 % for the 2005 birth year cohort. For these birth year cohorts (1999-2005), the
highest proportion of adolescents who had completed the HPV vaccination series before age
18 years was achieved by the 2005 birth cohort (66.9 %), followed by the 2004 birth cohort
(64.7 %) and the 2003 birth cohort (62.2 %).

9. Discussion

The sample sizes were variable for the different birth year cohorts because of the sampling
design of the NIS-Teen. Each survey year includes five birth years meaning that each birth
year will be sampled five times before that birth year is no longer eligible for the NIS-Teen
survey. The 2009 birth year is smaller because they were aged 13 years in 2023, and this
was the first survey year in which the 2009 birth year was eligible for the NIS-Teen survey.
The 1999 and 2000 birth years are also lower because these birth years were sampled while
NIS-Teen was a landline only survey. Sample sizes increased when NIS-Teen went to a
landline and cellphone survey.
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Although the coverage of HPV vaccination initiation before age 13 years (on-time initiation)
significantly increased from adolescents born in 1999 (27.0 %) through adolescents born

in 2009 (69.8 %), it remains lower than coverage for other vaccines recommended for
adolescents [11-14]. Among adolescents born in 2009 who reached their 13th birthday in
2022, 31.2 % did not initiate HPV vaccination by age 13 years as recommended. However,
coverage with =1 dose HPV vaccination reached at least 64.7 % before age 18 years for
those born in 2004 and 71.4 % before age 14 years for those born in 2009. The dip in
vaccination coverage observed among adolescents born in 2008 coincides with the peak of
the COVID-19 pandemic, demonstrating the impact of disruptions to health care during this
period [16]. The low coverage and delayed initiation of HPV vaccination may be a result of
failure by providers to fully endorse the HPV vaccine and provide strong recommendations,
presenting it as an ‘optional’ vaccine that could be delayed [18,19]. This may be coupled
with lower confidence by providers and parents or guardians to consider HPV vaccination
for younger adolescents [20-22]. Delaying HPV vaccination might reduce the likelihood of
HPV vaccine series completion, given less frequent preventive visits for adolescents as they
get older [23,24]. This, and the failure to vaccinate altogether could increase the likelihood
of HPV infection and development of HPV-associated cancers later in life, leading to excess
morbidity and mortality which could be prevented by receiving all the recommended doses
on time.

Parents and providers could consider HPV vaccination starting at age 9 years as allowable
by ACIP recommendations [6,31]. This would increase the time available for vaccination
before age 13 years and spread out the number of vaccine doses received by adolescents at
one time among parents concerned with the number of vaccine doses at one visit [33].

The gender gap in coverage with =1 dose HPV vaccine before age 13 years decreased from
20.5 % in the 1999 cohort to 7.5 % in the 2009 cohort. The differences were statistically
significant for the 1999 through 2007 birth year cohorts but similar for the 2008 and 2009
birth year cohorts. Part of the reason there may not be statistically significant differences

in recent birth cohorts despite remaining albeit smaller differences in point estimates is the
small sample size for the more recent birth years. The overall progress in reducing difference
in HPV vaccination coverage between genders is encouraging, and catch-up vaccination
could target older boys who may have not received a recommendation for HPV vaccination
by a provider. The remaining disparities observed might be a result of providers being less
likely to recommend HPV vaccination to parents of adolescent boys than adolescent girls
[26,27,29], and lower perceived risk of HPV infection among boys and their parents [17,18].
The misperception that HPV affects only females might still exist because the vaccine was
initially introduced for girls only and promoted as a means to prevent cervical cancer. The
current education should include oropharyngeal cancer, which has overtaken cervical cancer
and is more common in men [28]. We noted earlier that routine HPV vaccination was
recommended for girls in 2006, and for boys in 2011.While this may have contributed to the
vaccination coverage gaps between boys and girls, the uptake of the HPV vaccine among
boys may have benefited from the 5 years of experience implementing HPV vaccination for
girls during which some of the uptake barriers such as supply logistics, vaccine knowledge
gaps and misinformation, safety concerns and general vaccine hesitancy may have been
addressed to some extent.
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Our evaluation identified several groups where >50 % of adolescents had not initiated HPV
vaccination before age 13 years. These were non-Hispanic Whites, those whose mothers
had at least some college education, those whose mothers were married or living with a
partner, those born outside the United States, those at or above poverty level, those who
were uninsured, those without a preventive care visit at 11 or 12 years, those living in
Non-Metropolitan Statistical Areas (non-MSA’s) and those living in Northeast and South
Census Regions. All the groups examined reached at least 65 % coverage with HPV
vaccination initiation except for those uninsured, those without a preventive care visit at

11 or 12 years, and those living in non-MSAs. Previous studies showed lower coverage [13],
and higher proportions of delay and refusal of HPV vaccination in these groups [23,25,40].
Identification of groups less likely to initiate HPV vaccination before age 13 year provides
an opportunity for targeted interventions to increase HPV vaccine coverage before age 13
years.

Our findings underscore the importance of programs such as the Vaccines for Children
(VFC) program which provides vaccines to eligible children below the age of 19 years at
no cost, including those without insurance. However, uninsured adolescents had the lowest
HPV vaccination rate, suggesting that more efforts may be needed to expand awareness of
and access to VFC vaccination locations. Also, uninsured people might need help accessing
healthcare generally, not just free vaccines.

There were substantial missed HPV vaccination opportunities across all of the
sociodemographic groups examined. Overall, 82.5 % of adolescents who had not received
any HPV vaccine dose had at least one encounter with a provider where one or more
non-HPV vaccines were administered but the first dose of HPV vaccine was not received.
Among those who were unvaccinated who had a preventive visit at 11 or 12 years, 94.9

% had at least one missed HPV vaccination opportunity. Preventive care visits are the

visit type most associated with vaccination [32], and vaccination during these visits should
not be missed [34,35]. These findings strongly suggest differential recommendation and
uptake of the HPV vaccine compared to other vaccines recommended for adolescents.
Previous studies showed that there are numerous missed opportunities for HPV vaccination
and that some providers perceived parents as hesitant, leading to weak and poor-quality
recommendations for HPV vaccine, or no recommendation at all [14,17-19,22,32]. Studies
have also identified parental barriers such as limited knowledge about the vaccine, the belief
that the child is too young for the vaccine, perceived low risk, perceived low effectiveness of
the vaccine and safety concerns [17,19,20,25]. The minimum potential achievable coverage
across sociodemographic subgroups was 89.7 % (range 89.7 % to 98.8 %), suggesting that
sociodemographic disparities would have been substantially reduced if HPV vaccination
opportunities had not missed.

Although the proportion of adolescents who had completed the HPV vaccination series
increased from 10.3 % among those born in 1999 to 42.2 % among those born in 2009,
vaccine coverage remains suboptimal [31]. Despite this increase in the completion of the
HPV vaccination series across birth year cohorts, and with catch up vaccination, none of
the cohorts reached the 60 % coverage mark before age 18 years. This progress may not
be enough to reach the U.S. Department of Health and Human Services’ Healthy People
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2030 target of 80 % of adolescents ages 13 through 15 years who received the recommended
doses of the HPV vaccine [30,32].

The limitations of this study include the fact that the NIS-Teen excludes households
without any telephone service and landline only households. Also, response rates were low.
Although weighting adjustments were done to minimize nonresponse bias and incomplete
representation of the target population by the sampling frame, some residual bias may
remain [41]. Despite this, the NIS-Teen Error Profile reports which include estimations

of bias and compare NIS estimates to other data sources such as publicly available

I1S dashboards show that our estimates generally agree with high quality Immunization
Information Systems (11S) estimates [41]. Also, there were smaller sample sizes for the
most recent birth year cohorts, and for the oldest birth year cohorts because of the sampling
design. The potentially achievable coverage that could be obtained if HPV vaccination
opportunities were not missed assumes that all parents would accept the HPV vaccine.
However, some parents may not be willing to accept the vaccine even if the provider
recommended the vaccine. Thus, the potential vaccination coverage may be overestimated.
Potential vaccination coverage could also be underestimated because provider visits during
which no vaccinations were given were not included as missed opportunities.

10. Conclusions

The coverage of HPV vaccination initiation before age 13 years increased by birth

year cohort among adolescents born 1999-2009 but remains suboptimal. However, a
substantial amount of HPV vaccination initiation is occurring after the 13th birthday leading
to improved coverage with =1 dose HPV vaccination before age 18 years. There are
significant sociodemographic disparities in HPV vaccination initiation before age 13 years.
Identifying these disparities presents opportunities for developing and implementing focused
interventions to improve HPV vaccination coverage. The proportion of adolescents who had
completed the recommended HPV vaccination series is low and the progress being made
may not be enough to reach the Healthy People 2030 target of 80 % [32]. Opportunities

for HPV vaccination before age 13 years are being missed and if these were not missed,
coverage would be much higher, and sociodemographic disparities would be reduced.

Missed HPV vaccination opportunities can be reduced by effective and strong provider
recommendations for HPV vaccination [37,38]. Recent studies have shown that high quality
provider recommendations lead to higher HPV vaccine uptake [19,33,36-38]. Providers in
all vaccination settings should aim to administer all vaccines recommended for adolescents
during the same visit, particularly at the 11 or 12-year preventive care visit when these
vaccination opportunities are likely to occur. Efforts should include parent reminder,

recall, and follow up systems [22,39]. Offering HPV vaccination starting as early as age

9 years could also increase opportunities for HPV vaccination before age 13 years and
improve coverage. Additionally, providers should actively review the vaccination status of
all adolescents at every visit, particularly those that are uninsured and provide information
on the availability of the Vaccines for Children program [39]. Parents and guardians of
uninsured adolescents should take full advantage of these programs to ensure that their
children are protected from HPV infection. Targeted interventions aimed at improving

Vaccine. Author manuscript; available in PMC 2025 January 12.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Nyika et al.

Funding

Funding

Page 11

adolescents and parents” knowledge about risk of HPV infection, HPV-associated cancers,
and HPV vaccination, and reducing misperceptions about safety should be implemented
[19,20,22].

The findings and conclusions in this report are those of the authors and do not necessarily represent the official
position of the Centers for Disease Control and Prevention.

The author(s) received no financial support for the research, authorship, and/or publication of this article.
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Fig. 1.
Coverage with =1 dose HPV vaccine before age 13 years among adolescent boys and girls

stratified by birth year cohorts, National Immunization Survey-Teen, United States, 2016—
2022,
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Cumulative percent with =1 dose HPV vaccine by age of adolescents, stratified by birth
year cohorts, National Immunization Survey-Teen, United States, 2016—-2022. The x-axis
represents the age in years by which the cumulative percent vaccinated is assessed; it
includes up to but not include the day the adolescent reached the indicated age.
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Fig. 3.
Proportion of adolescent boys and girls who had competed the HPV vaccination series

before age 13 years, stratified by birth year cohort, National Immunization Survey-Teen,
United States, 2016-2022.
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Cumulative proportion of adolescent boys and girls who had completed the HPV vaccination
series, stratified by birth year cohort, National Immunization Survey-Teen, United States,
2016-2022. The x-axis represents the age in years by which the cumulative percent who had
completed the series was assessed,; it includes up to but not including the day the adolescent

reached the indicated age.
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Demographic Characteristics of Boys and Girls Aged 13-17 Years, National Immunization Survey-Teen (NIS-
Teen), United States, 2016-2022.

Demographic Characteristics Sample  Weighted % (95 %
() Cl)
Birth Cohort Year 131,553 100 (—)
1999 5685 4.1 (3.4-4.9)
2000 9740 7.2 (6.3-8.2)
2001 13,761 10.3(9.2-11.4)
2002 17,478 12.6 (11.6-13.7)
2003 20,082 14.3 (13.5-15.3)
2004 18,908 14.6 (13.7-15.6)
2005 16,723 13.0 (12.1-14.0)
2006 13,251 10.4 (9.4-11.5)
2007 9234 7.3 (6.4-8.4)
2008 5036 4.6 (3.7-5.6)
2009 1655 1.6 (1.1-2.2)
Age at Interview 131,553 100 (—)
13 years 27,436 20.2 (19.8-20.6)
14 years 27,928 20.3(19.9-20.7)
15 years 26,717 21.0(20.6-21.4)
16 years 26,696 20.5 (20.1-20.9)
17 years 22,776 18.0 (17.6-18.5)
Age grouped at Interview 131,553
13-15 years 82,081 61.5 (61.0-61.9)
16-17 years 49,472 385 (38.1-39.0)
Sex 131,553 100 (—)
Boys 69,316 51.0 (50.8-51.2)
Girls 62,237 49.0 (48.8-49.2)
Race and Ethnicity 4 131,553
Non-Hispanic White 81,347 50.8 (48.0-53.6)
Non-Hispanic Black 11,382 13.6 (12.4-14.8)
Hispanic 23413 246 (21.7-27.7)
Other 15,411 11.0 (10.3-11.8)
Mother’s educational level 131,553 100 (—)
<High School 12,458  12.3(11.5-13.2)
High School 19,767  21.6 (21.2-22.0)
Some college or college graduate 33,557  23.8(23.3-24.3)
>College graduate 65,771 42.3 (41.4-43.2)
Mother’s married status 131,553 100 (—)
Married/Living with partner 91,943  67.8 (67.0-68.6)
Widowed/divorced/separated 22,089 22.4(21.8-23.1)
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Demographic Characteristics Sample  Weighted % (95 %
(n) Cl)

Never married 8502 9.8 (9.3-10.2)
Missing/Unknown 9019

Mother’s Age 131,553 100 (—)
<34 years 9304 7.8 (7.5-8.1)
35-44 years 55,263 43.8 (43.1-44.6)
245 years 66,986  48.4 (47.5-49.3)

Immigration status 131,553 100 (—)
Bornin U.S. 125,041 94.6 (94.2-95.0)
Born outside U.S. 5605 5.4 (5.0-5.8)
Missing/Unknown 907

Poverty Status b 131,853 100 (—)
At or above poverty level 107,290 80.3 (79.6-81.0)
Below poverty level 19,762 19.7 (19.0-20.4)
Missing/Unknown 4501

Health Insurance Status 131,553 100 (—)
Private Only 76,998  52.6 (51.6-53.5)
Any Medicaid® 39,642  36.3(35.2-37.4)
Other? 10,520 7.2 (6.7-7.7)
Uninsured 4392 3.9 (3.5-4.4)

Number of times teen has seen provider in last 12 months 131,553 100 (—)
0 17,274 15.7 (15.0-16.4)
1 38,448  30.8(30.2-31.5)
2-3 47,396 35.1 (34.5-35.8)
4+ 27,265 18.3(17.8-18.9)
Missing/Unknown 1170

Preventative visit at age 11-12 years 131,553 100 (—)
Yes 63,304 46.6 (45.4-47.9)
No 27,072 19.6 (18.8-20.4)
Don’t know 41,177 33.8(32.4-35.3)

Number of vaccination providers 131,553 100 (—)
1 72,877 57.6 (56.8-58.5)
2 36,977 27.7 (27.2-28.2)
23 21,247 14.7 (14.1-15.3)
Missing/Unknown 452

Metropolitan statistical area (MSA) 131,553 100 (—)
MSA Principal City 52,636 41.3 (39.1-43.5)
MSA Non-Principal City 53,913  47.6 (45.5-49.7)
Non-MSA 25,004 11.1 (10.0-12.3)

Census Region 131,553 100 (—)
Northeast (ref) 25,635 16.0 (12.2-20.8)
Midwest 28,496 21.2 (16.7-26.6)
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Demographic Characteristics Sample  Weighted % (95 %
() Cl)
South 48,704 38.8 (32.1-46.0)
West 28,718 24.0(17.4-32.1)
Vaccination Provider Facility Type 131,553 100 (—)
All public facilities 62,733  51.2 (49.9-52.5)
All hospital facilities 17,793 14.4 (13.6-15.1)
All private facilities (ref) 17,050 11.1 (10.4-11.8)
All other facilities 2049 1.8 (1.7-2.0)
Mixed® 29,022 20.2(19.5-20.9)
Other (Military/WIC/Pharmacy) 2003 1.4 (1.2-1.5)

Abbreviations: WIC, Women, Infant and Children program; HPV, human papillomavirus.

Page 20

a . . . . - .
Reported by parent/guardian respondent. Adolescents of Hispanic ethnicity may be of any race. ‘Other’ indicates that the adolescents identified as
American Indian, Alaska Native, Asian, Native Hawaiian, Pacific Islander or multiracial.

bPoverty is defined as an individual or family’s income being below the federal annual threshold.

cAny Medicaid: Teen covered by Medicaid with or without any other type of insurance. Teen with any mention of Medicaid coverage will belong

to this category of insurance.

d . . . .
Other insurance: Teen covered by insurance type other than private or Medicaid.

EMixed indicates that the facility is identified to be in more than one of the facility categories such as private, public, hospital, military, WIC and

pharmacy.
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