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Abstract

Background - From 2018 to 2023, Human papillomavirus
(HPV) vaccination coverage in the United States was shaped
by both proactive immunization efforts and the disruptions
caused by the COVID-19 pandemic, leading to the first national
decline in nearly a decade. This study aimed to assess vaccina-
tion trends over time and across regions to identify coverage
gaps and inform health policy best practices for achieving
optimal HPV vaccination rates.

Methods - We used provider-verified data from the National
Immunization Survey-Teen for adolescents aged 13-17, focusing
on vaccine initiation (=1 dose) and up-to-date (UTD) status, as
defined by Centers for Disease Control and Prevention guide-
lines. We used Cochran-Armitage trend tests to assess changes
across the pre-pandemic, pandemic, and post-pandemic periods.
We stratified our analyses by sex, race/ethnicity, and state.
Results — Initiation increased from 68.1% in 2018 to 76.9%
in 2021, then declined to 76.8% in 2023. UTD status rose from
51.1 to 62.6% by 2022 but fell to 61.4% in 2023. Females and
Hispanic/Black adolescents consistently had higher coverage
than males and White adolescents. Eighteen states, mainly in
the Northeast and Upper Midwest, achieved >80% initiation
by 2023, while Southern states lagged.

Conclusion - Best practices for improving HPV vaccina-
tion include: (1) strengthening vaccination infrastructure
in low-performing Southern states, (2) targeting male and
White adolescents, (3) maintaining robust delivery systems
during crises, and (4) replicating high-performing regional
models. These strategies can improve vaccine equity and con-
tribute to achieving national targets over time and space.
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1 Introduction

Human papillomavirus (HPV) is the most common sexually
transmitted infection in the United States, with approxi-
mately 43 million infections occurring annually and nearly
all sexually active individuals acquiring HPV at some point
in their lives [1]. Despite the availability of highly effective
vaccines capable of preventing more than 32,000 HPV-
related cancers each year, approximately 37,800 new cases
continue to occur annually [2]. As of 2023, only 61.4% of U.S.
adolescents were up-to-date (UTD) on the HPV vaccine
series, representing the first national decline in coverage
rates in nearly a decade and falling substantially short of
the Healthy People 2030 target of 80% [3,4]. This coverage
gap reflects more than missed clinical opportunities; it
represents a critical vulnerability in population-level pro-
tection that has been further exposed by the unforeseen
disruptions of the COVID-19 pandemic [5-8].

1.1 Theoretical framework: Optimal
vaccination coverage and herd immunity
thresholds

The concept of herd immunity provides the theoretical
foundation for understanding optimal vaccination rates
in populations. The herd immunity threshold is mathema-
tically defined as (h, = 1 — Ry) where R, represents how
easily the virus spreads [9]. For HPV, studies suggest that
at least 70-90% coverage is needed to stop the virus from
spreading widely [10,11]. The theoretical importance of
achieving high vaccination coverage has become increas-
ingly urgent as the epidemiologic landscape of HPV-related
cancers has fundamentally shifted. Oropharyngeal can-
cers, predominantly affecting men, now surpass cervical
cancer as the most common HPV-associated malignancy in
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the United States, with incidence rates continuing to rise
despite the availability of effective vaccines [12]. This epi-
demiologic transition emphasizes the critical importance
of achieving gender-neutral vaccination coverage at levels
sufficient for population-level protection.

1.2 Lessons from COVID-19: Vaccination
program resilience and coverage
thresholds

The COVID-19 pandemic provided an unprecedented natural
experiment in vaccination program implementation and
revealed critical insights about achieving optimal coverage
rates under real-world conditions. Studies suggested that
60-70% population coverage would achieve herd immunity
for SARS-CoV-2, with some estimates reaching 90% for highly
transmissible variants [13-15]. However, practical experience
demonstrated significant gaps between theoretical thresholds
and achievable coverage rates, with most high-income coun-
tries reaching a practical ceiling of approximately 75-80%
vaccination coverage despite resource mobilization [16].

The pandemic experience revealed several critical les-
sons relevant to HPV vaccination programs. First, achieving
high vaccination coverage requires more than mathematical
modeling of herd immunity thresholds; it demands robust
delivery systems, sustained community engagement, adaptive
program design, and crisis-resilient infrastructure capable of
maintaining services during public health emergencies
[17,18]. Second, vaccination programs are particularly vulner-
able to disruptions that compound existing health disparities,
with rural communities, racial and ethnic minorities, and
socioeconomically disadvantaged populations experiencing
disproportionate barriers to vaccine access [19,20]. These les-
sons reveal the importance of understanding how vaccina-
tion programs perform under stress and which populations
are most vulnerable to coverage disruptions during public
health emergencies.

1.3 Literature gap and study rationale

While extensive research has documented HPV vaccina-
tion disparities and coverage trends, a critical gap remains
in understanding how coverage evolved before, during,
and after the COVID-19 crisis. Most existing studies rely on
cross-sectional, single-year data, or focus on limited geo-
graphic areas, limiting insight into long-term national trends
and program resilience during major public health
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disruptions [21-23]. Although previous research confirms
that COVID-19 significantly disrupted routine childhood vac-
cinations globally [24], HPV-specific coverage patterns across
distinct pandemic phases remain insufficiently explored.

This knowledge gap is particularly important given the
unique characteristics of HPV vaccination programs.
Unlike routine childhood vaccines administered in early
infancy, HPV vaccines are delivered to adolescents who
may have delayed or missed healthcare visits during pan-
demic-related disruptions [24]. Additionally, HPV vaccina-
tion often requires multiple healthcare encounters and
faces distinctive challenges related to vaccine hesitancy
and parental decision-making that may have been wor-
sened during the pandemic [25,26].

Furthermore, the timing of the first national decline in
U.S. HPV vaccination rates in nearly a decade occurred
during this period [3], yet no comprehensive analysis has
examined how this decline varied across demographic and
geographic populations, or what these patterns reveal
about strategies for achieving optimal vaccination cov-
erage during normal and crisis conditions.

Understanding these patterns is essential for three cri-
tical reasons. First, they inform targeted strategies to not
only recover but improve upon pre-pandemic coverage
levels. Second, they reveal structural vulnerabilities that
hinder progress toward optimal population protection.
Third, they offer guidance for designing vaccination sys-
tems resilient enough to sustain herd immunity goals
during future public health crises.

1.4 Research questions and study objectives

To address this critical gap in the literature, this study

examines HPV vaccination coverage trends from 2018 to

2023, covering the pre-pandemic, pandemic, and post-pan-

demic periods. This timeframe offers a natural experiment

for evaluating how coverage patterns responded to public
health system stress and for assessing progress toward
herd immunity coverage thresholds.

Specifically, this study addresses three interconnected
research questions that bridge theoretical vaccination cov-
erage models with real-world program implementation:

1. Coverage trajectory analysis: How did HPV vaccination
coverage change before, during, and after the COVID-19
pandemic? How do these trends compare to the Healthy
People 2030 TARGETS for optimal population protection?

2. Disparities in coverage: Which demographic and geo-
graphic groups experienced the greatest shifts in vacci-
nation coverage during this period?
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3. Path to optimal coverage: What do these observed pat-
terns reveal about program vulnerabilities and strate-
gies needed to achieve sustained, high coverage?

Using provider-verified national surveillance data, this
study generates evidence-based recommendations for
reaching the 80% national coverage target, strengthening
pandemic-resilient vaccination systems, and addressing per-
sistent equity gaps that hinder progress toward HPV-related
cancer prevention. Findings will inform both immediate
recovery efforts and longer-term strategies aligned with the-
oretical thresholds for population-level protection.

2 Methods

2.1 Sample and data source

This study used data from the National Immunization
Survey-Teen (NIS-Teen), collected annually from 2018 to
2023. The NIS-Teen is a nationally representative surveil-
lance system administered by the Centers for Disease
Control and Prevention (CDC) to monitor vaccination cov-
erage among U.S. adolescents aged 13-17 years. Data are
collected in two phases. In the first phase, parents or guar-
dians participate in a structured telephone interview that
gathers demographic and health information. In the
second phase, immunization providers identified during
the interview are contacted to verify the adolescent’s vac-
cination history. Only adolescents with provider-verified
HPV vaccination records were included in this analysis to
ensure accurate assessment of vaccination status. To evaluate
changes in HPV vaccination coverage across the COVID-19
pandemic, the six survey years were divided into three
time periods: before the pandemic (2018-2019), during the
pandemic (2020-2021), and after the COVID-19 pandemic
(2022-2023). We adopted this categorization based on a frame-
work used in recent vaccine coverage study [27], which
defined distinct pandemic phases to assess time-specific
impacts of public health emergencies on immunization pro-
grams. This structure allowed us to track how vaccination
rates shifted in response to disruptions in healthcare delivery
and public health efforts.

2.2 Measures of variables

The study’s two primary outcomes were HPV vaccine initia-
tion and UTD status. Initiation was defined as receiving at
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least one dose of the HPV vaccine. UTD status followed CDC
guidelines and was defined as receiving either two doses
when the first dose was given before age 15 and spaced at
least 5 months minus 4 days apart, or three or more doses if
the series was initiated at age 15 or older, or if the adolescent
was immunocompromised [28].

The main explanatory variables included age (13-17
years), sex (male or female), race and ethnicity (non-
Hispanic White, non-Hispanic Black, Hispanic, or non-
Hispanic others), and state of residence (based on respon-
dent-reported U.S. state). These variables were chosen
based on their relevance to vaccination disparities and
their ability to help answer the study’s central questions
on temporal trends and subgroup differences.

2.3 Data analysis procedure

All analyses accounted for the complex sampling design of
the NIS-Teen using CDC-provided provider-phase weights.
These weights correct for unequal probabilities of selection,
nonresponse at both household and provider levels, and post-
stratification adjustments. Weighted proportions were calcu-
lated for HPV vaccine initiation and UTD coverage, stratified
by survey year and demographic subgroups.

Trend analysis was performed using the Cochran-Armitage
test for trend, which assesses whether changes in vaccination
rates over time followed a linear pattern across the three pan-
demic periods. This method was applied separately for both
outcomes. Subgroup trends were examined descriptively; how-
ever, this study did not use multivariable regression models, as
the primary objective was to identify temporal and spatial pat-
terns rather than estimate causal effects.

All analyses were conducted in R (v4.4.1) using survey-
weighted functions, excluding <1% of adolescents with
missing primary outcomes data.

2.4 Ethical considerations

This study used publicly available, de-identified data from
the NIS-Teen surveillance system. The original data collec-
tion was approved by the National Center for Health
Statistics Research Ethics Review Board. No additional
institutional review board approval was required for this
secondary data analysis.

Informed consent: Not applicable. This study analyzed de-
identified, publicly available data.
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Ethical approval: Not applicable. The National
Immunization Survey-Teen (NIS-Teen) dataset used in
this research is publicly available and fully anonymized.
No additional ethical approval was required.

3 Results

The unweighted sample sizes of adolescents aged 13-17
years with provider-verified HPV vaccination records in
the NIS-Teen were 18,700 in 2018, 18,788 in 2019, 20,163 in
2020, 18,002 in 2021, 16,043 in 2022, and 16,568 in 2023.

Between 2018 and 2023, national HPV vaccination cov-
erage initially improved but declined following the pan-
demic (Figure 1). Initiation rates rose from 68.1% in 2018
to a peak of 76.9% in 2021, then dropped slightly to 76.0% in
2022, with a modest rebound to 76.8% in 2023. UTD cov-
erage showed a similar pattern, increasing from 51.1% in
2018 to 62.6% in 2022 before falling to 61.4% in 2023. Despite
these gains, both initiation and UTD rates remained below
the Healthy People 2030 target of 80%. These trends were
statistically significant (Cochran-Armitage trend test, p <
0.001), indicating a reversal of progress after the COVID-19
pandemic.

Across all years, females consistently had higher HPV
vaccination coverage than males (Figure 2a and b). Initia-
tion among females rose from 70.7% in 2018 to 80.0% in
2022 before declining to 78.6% in 2023, while male rates
increased from 66.0% in 2018 to 77.3% in 2023. UTD
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coverage followed a similar pattern, with females
increasing from 54.5% in 2018 to 66.0% in 2022 before
declining to 65.0% in 2023, while males showed steady
improvement from 49.5% in 2018 to 62.6% in 2023.
Apparent racial and ethnic gaps in HPV vaccine cov-
erage persisted across the 6 years despite overall gains in
coverage (Figure 2c and d). In 2018, initiation rates were
highest among Hispanic adolescents (75.6%), followed by
non-Hispanic Black (73.6%), non-Hispanic Other adoles-
cents (70.6%), and non-Hispanic White adolescents
(64.4%). By 2023, all groups had made substantial improve-
ments. However, non-Hispanic White adolescents con-
tinued to lag, with an initiation rate of 76.3% compared
to 81.8% among Hispanic, 80.6% among non-Hispanic
Black, and 78.6% among non-Hispanic Other adolescents.
UTD rates followed a similar pattern, with Hispanic
adolescents maintaining the highest coverage throughout
the study period. UTD coverage among Hispanic adoles-
cents increased from 59.7% in 2018 to 66.3% in 2023, while
non-Hispanic Black adolescents improved from 55.6% in
2018 to 65.3% in 2023. Among non-Hispanic White adoles-
cents, UTD coverage increased from 50.3% in 2018 to 63.0%
in 2023. Non-Hispanic Other adolescents showed improve-
ment, increasing from 53.5% in 2018 to 63.0% in 2023.
While racial and ethnic gaps in coverage began to
narrow by 2023, differences remained depending on where
adolescents lived. HPV vaccination rates varied across
states, with clear regional patterns in both initiation and
UTD coverage (Figures 3 and 4). In 2018, HPV vaccination
initiation rates varied widely across states, with only

UTD Rate

62.6% 61.4%

2021 2022 2023

Figure 1: National HPV vaccination initiation and UTD rates among U.S. adolescents from 2018 to 2023. The horizontal green dashed line indicates the

Healthy People 2030 target for HPV vaccination coverage.
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Figure 2: Trends in HPV vaccine initiation and UTD rates by sex and race/ethnicity among U.S. adolescents aged 13-17, 2018-2023: (a) Initiation rates
by sex, (b) UTD rates by sex, (c) initiation rates by race/ethnicity, and (d) UTD rates by race/ethnicity.

2018 2019

Initiation Rate (%)

38.0% - 59.9% (6 states)
60.0% - 79.9% (42 states)
80.0% - 90.0% (1 states)

Initiation Rate (%)

38.0% - 59.9% (2 states)
60.0% - 79.9% (43 states)
80.0% - 90.0% (4 states)

Initiation Rate (%)

38.0% - 59.9% (1 states)
60.0% - 79.9% (36 states)
80.0% - 90.0% (12 states)

Initiation Rate (%)

38.0% - 59.9% (1 states)
60.0% - 79.9% (32 states)
80.0% - 90.0% (16 states)

Initiation Rate (%)

38.0% - 59.9% (1 states)
60.0% - 79.9% (30 states)
80.0% - 90.0% (18 states)

Initiation Rate (%)

38.0% - 59.9% (1 states)
60.0% - 79.9% (30 states)
80.0% - 90.0% (18 states)

Figure 3: State-level HPV vaccine initiation rates among U.S. adolescents aged 13-17 from 2018 to 2023. States are colored by initiation rate

categories: Purple (38.0-59.9%), teal (60.0-79.9%), and yellow (80.0-90.0%). Each panel represents a single year, arranged chronologically from top
to bottom, left to right. Source: Created by the authors.
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2018

UTD Rate (%)

38.0% - 59.9% (40 states)
60.0% - 79.9% (10 states)

UTD Rate (%)

38.0% - 59.9% (29 states)
60.0% - 79.9% (20 states)
80.0% - 90.0% (1 states)

UTD Rate (%)

38.0% - 59.9% (18 states)
60.0% - 79.9% (31 states)
80.0% - 90.0% (1 states)
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2019

UTD Rate (%)

38.0% - 59.9% (35 states)
60.0% - 79.9% (14 states)
80.0% - 90.0% (1 states)

UTD Rate (%)

38.0% - 59.9% (19 states)
60.0% - 79.9% (30 states)
80.0% - 90.0% (1 states)

UTD Rate (%)

38.0% - 59.9% (18 states)
60.0% - 79.9% (30 states)
80.0% - 90.0% (2 states)

Figure 4: State-level HPV vaccine UTD rates among U.S. adolescents aged 13-17 from 2018 to 2023. States are colored by UTD rate categories: Purple
(38.0-59.9%), teal (60.0-79.9%), and yellow (80.0-90.0%). Each panel represents 1 year, arranged chronologically from top to bottom, left to right.

Source: Created by the authors.

Rhode Island achieving the 80% threshold recommended by
Healthy People 2030. Most states (42 states) fell within the
60.0-79.9% range, while six states - Wyoming, Arkansas, Mis-
sissippi, Tennessee, Kentucky, and West Virginia — had initia-
tion rates below 60%. By 2023, 18 states reached or exceeded
80% initiation coverage: Washington, Oregon, North Dakota,
South Dakota, New Mexico, Nebraska, Minnesota, Wisconsin,
Ilinois, Iowa, Pennsylvania, Connecticut, Rhode Island, Mas-
sachusetts, Vermont, New Hampshire, New Jersey, and
Hawaii. These high-performing states are clustered primarily
in the Northeast and Upper Midwest. In contrast, Mississippi
remained the only state with coverage below 60%.

UTD coverage trends revealed a slower pace of pro-
gress compared to the initiation of the vaccine. In 2018, 40
states fell below 60% coverage, with just ten states in the
60-79.9% range and none reaching 80%. By 2023, progress
was still limited. Only Rhode Island and Massachusetts
crossed the 80% threshold. Thirty states still had UTD rates
between the 60 and 79.9% range, showing some movement in
the right direction. However, 18 states still fell below 60%,
with most of them concentrated in the South and Mountain
West. These included California, Nevada, Arizona, Utah,

Montana, Wyoming, Idaho, Alaska, Oklahoma, Arkansas,
Mississippi, Alabama, Florida, Georgia, Tennessee, Kentucky,
West Virginia, and New Jersey. The map tells a clear story:
even as more states made progress on HPV vaccine initiation,
many struggled to convert that progress into higher UTD
coverage. The Deep South and Mountain West, in particular,

lagging.

4 Discussion

4.1 Synthesis of main findings

Table 1.

4.2 Contribution to existing literature

This study provides the first comprehensive national ana-
lysis of HPV vaccination trends across the COVID-19
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Table 1: Summary of key findings, 2018-2023

Key trends

Before pandemic (2018-2019) During pandemic (2020-2021) After pandemic (2022-2023)

Outcome

Steady increase, then plateau

76.0% — 76.8%
62.6% — 61.4%

73.1% - 76.9%

68.1% — 69.8%
51.1% - 54.1%

National initiation coverage
National UTD coverage

Sex disparities

Consistent growth, then decline

Gap narrowing over time

58.3% — 61.9%

Female advantage: 1.3 pp

Female advantage: 3.9 pp

Pattern maintained

Female advantage: 4.7 pp
White adolescents lowest

Persistent but narrowing gaps

White adolescents still lowest

Racial disparities

Regional clustering evident, Southern States

suffers

18 states >80% initiation, 2 states

280% UTD

10 states >80% initiation, 1 state

280% UTD

1 state >80% initiation, 1 state

>80% UTD

Geographic coverage

percentage points; UTD = up-to-date.

Note: pp
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pandemic period, addressing critical knowledge gaps in
our understanding of vaccination resilience during public
health emergencies. Unlike previous studies that examined
single-year snapshots or localized populations [29,30], our
findings reveal complex temporal patterns that challenge
conventional assumptions about pandemic impacts on rou-
tine immunization.

Our results contradict the prevailing narrative that
COVID-19 universally disrupted childhood vaccination pro-
grams [31-33]. While another study documented drop in
HPV vaccine uptake in 2020 [34], our national data show
that initiation rates actually increased during the pan-
demic period, suggesting that the U.S. vaccination system
demonstrated remarkable adaptability. The persistence of
racial and ethnic disparities in our data confirms patterns
identified in pre-pandemic studies, where Hispanic and
Black adolescents consistently showed higher vaccination
rates than their White counterparts [8,35]. These finding
challenges common assumptions about health equity and
represents what research has termed “reverse disparities”
in HPV vaccination, where racial/ethnic minorities demon-
strate higher uptake rates compared to White adolescents
[36]. These reverse disparities are unique, as racial and
ethnic minorities are generally less likely to receive ado-
lescent preventive services [37], but the HPV vaccination
context appears to be an exception to this pattern.

4.3 Expected and unexpected findings

This study confirmed several known trends in HPV vacci-
nation, while also uncovering surprising findings that chal-
lenge assumptions. We found that uptake remains lower
among White adolescents, a trend mirrored in national
surveys showing higher HPV initiation among Hispanic
and Black teens compared to non-Hispanic Whites
[38,39]. Similarly, the continued sex disparities were
expected, reflecting the HPV vaccine’s initial introduction
as a cervical cancer prevention tool for females [40]. The
narrowing of these gaps over time was expected following
the 2011 expansion of recommendations to include males
[41], though the persistence of disparities suggests that
parent attitudes may lag behind policy changes [42]. These
patterns address the research questions from our Introduc-
tion about whether demographic differences persist.
Contrary to global trends, we found the U.S. achieved
an unexpected improvement in HPV coverage during the
COVID-19 pandemic (2020-2021). While studies in Europe
and low- to middle-income countries have reported
declines in coverage, current levels range between 50%
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and 65% [43], U.S. rates not only rebounded but surpassed
2019 levels [24]. High-performing regions, specifically the
Northeast and Upper Midwest also met expectations,
reflecting longstanding strengths in public health infra-
structure, provider practices, and overall vaccination
uptake [44-46].

The most surprising finding was that HPV vaccination
coverage improved during the pandemic period (2020-2021)
rather than declining as anticipated. This contradicts the
widespread disruption to healthcare services documented
globally [32]. Several factors may explain this unexpected
trend, including the rapid implementation of telehealth ser-
vices and modified care delivery models that improved access
for some populations. For example, during June-November
2020, approximately 30% of weekly health center visits
occurred via telehealth, enabling continued access to care
during pandemic disruptions [47]. The pandemic may have
also heightened public awareness of vaccine-preventable dis-
eases, which in turn increased acceptance of routine immu-
nizations [48]. Additionally, targeted public health campaigns
and catch-up vaccination efforts launched by the CDC and
partner agencies played a role in mitigating missed doses
and sustaining adolescent vaccination coverage [49]. These
actions reflect the U.S. healthcare system’s adaptability and
resilience during a national crisis.

Yet, this national resilience masked troubling state-level
gaps, nowhere more evident than in Mississippi. Despite fed-
eral support and widespread catch-up efforts, Mississippi’s
HPV vaccination coverage consistently remained below
60%, making it the worst-performing state in the country.
This failure is not incidental; it highlights deeply rooted issues
in healthcare access, provider engagement, and community
trust [50]. In contrast to high-performing states like Rhode
Island, where strong infrastructure and proactive public
health strategies drove coverage above 80% [50]. Mississippi’s
stagnation suggests that national campaigns alone are insuf-
ficient. Addressing such extreme disparities will require
tailored, on-the-ground interventions that go beyond broad
messaging and confront the specific cultural, political, and
structural barriers limiting vaccine uptake in the most vul-
nerable regions.

Another concern was the decline in UTD HPV vaccina-
tion coverage observed in 2023, which disrupted the
upward trend established during the pandemic period.
Modeling studies have shown that even reductions in vac-
cination coverage can result in increased incidence of HPV-
related cancers over time if left unaddressed [51]. While
the long-term effects of this decline remain to be fully seen,
the reversal signals that short-term gains in coverage
may not be sustainable without continuous public health
attention. These findings reinforce the importance of
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maintaining vaccination infrastructure and targeted inter-
ventions, particularly during periods of shifting public
health priorities.

4.4 New insights and contributions

This study confirms established disparities in race, sex, and
geography while providing critical context. Our findings
reveal the U.S. vaccination system’s capacity to maintain
HPV vaccination rates during COVID-19, contrasting with
global declines in routine immunizations. However, the
data also expose the fragility of coverage gains post-pan-
demic. By linking these patterns to regional HPV preva-
lence data, we demonstrate how policy responses and
healthcare system adaptations directly shape public health
outcomes.

4.5 Broader implications

Our results offer important lessons for high-income coun-
tries. Adaptive healthcare infrastructure can sustain preven-
tive services during crises, but equity requires deliberate
action rather than emerging naturally. Even healthcare sys-
tems with universal coverage face persistent disparities
rooted in cultural factors, provider practices, and incomplete
vaccination series. While other nations can draw insights
from the U.S. experience, they should implement protective
measures to prevent post-crisis rollbacks in preventive care.

4.6 Policy recommendations

Incentive system theory provides a practical framework
for improvement. Federal policy should tie provider incen-
tives to series UTD rather than just initiation, particularly
targeting high-risk populations. Research has shown that
financial incentives and systematic reminders increase
HPV vaccination uptake [52]. Designating HPV vaccination
as a national healthcare priority, with routine public
reporting of state-level performance metrics, would main-
tain focus and drive accountability across regions.
Real-time surveillance systems could identify underper-
forming areas early, enabling rapid deployment of mobile
clinics, targeted provider training, and community outreach
programs. State and local interventions should address spe-
cific barriers through evidence-based approaches like school-
based reminder systems and streamlined consent processes,
particularly in communities with low completion rates.
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Healthcare systems should implement comprehensive
reminder systems through electronic health records, auto-
matic appointment scheduling, and consent tracking to
reduce follow-up gaps. Provider communication repre-
sents an equally critical component. Training programs
in narrative education and motivational interviewing can
address persistent vaccine hesitancy and clearly commu-
nicate benefits to families. Integrating these practices into
annual quality improvement cycles ensures sustained
implementation and continuous refinement.

5 Conclusion

This study addresses a critical gap in vaccination research
by providing the first comprehensive national analysis of
HPV vaccination trends across the COVID-19 pandemic
period. While existing literature has extensively documented
pre-pandemic HPV vaccination disparities and COVID-19’s
general impact on childhood immunizations separately, our
research uniquely examines their intersection within the U.S.
healthcare system from 2018 to 2023. Our findings challenge
prevailing assumptions about pandemic vulnerability by
demonstrating that HPV vaccination rates actually improved
during 2020-2021, contrasting sharply with global declines in
routine immunizations documented elsewhere.

The larger significance of this research extends
beyond HPV vaccination to inform pandemic preparedness
strategies and health equity frameworks. By revealing that
system-level resilience does not automatically translate to
equitable outcomes, we demonstrate how established dis-
parities can persist even when overall coverage improves.
This work contributes to health systems theory by illus-
trating the complex relationship between healthcare infra-
structure adaptability and population-level health equity
during crisis periods. Our analysis of the post-pandemic
decline in UTD coverage (from 62.6% in 2022 to 61.4% in
2023) reveals the fragility of public health gains when
attention shifts away from routine preventive services.

However, several important limitations constrain our
conclusions and generalizability. Our reliance on the
NIS-Teen provides robust national estimates but cannot
capture individual-level decision-making processes, provi-
der—patient interactions, or the specific mechanisms
driving observed trends. The aggregated nature of surveil-
lance data obscures nuanced factors such as parental
attitudes, provider communication strategies, and commu-
nity-level influences that likely shaped vaccination beha-
viors during the pandemic. Additionally, our geographic
analysis focuses on state-level patterns but cannot account
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for intra-state variations or local policy differences that
may have influenced coverage rates.

The temporal framework dividing the study period
into before, during, and after pandemic phases, while ana-
lytically useful, may oversimplify the complex and evol-
ving nature of pandemic impacts. Our analysis cannot fully
disentangle the effects of COVID-19 disruptions from con-
current policy changes, public health campaigns, or
broader social factors affecting vaccination acceptance.
Furthermore, the study’s focus on the U.S. healthcare
system limits generalizability to countries with different
healthcare financing mechanisms, regulatory structures,
or cultural contexts around vaccination.

Additional methodological limitations include our reli-
ance on provider-verified vaccination records, which may
underestimate coverage if some providers did not respond
to verification requests or if adolescents received vaccines
from multiple providers. The cross-sectional nature of the
NIS-Teen data prevents us from tracking individual adoles-
cents over time, limiting our ability to understand vaccination
trajectories or identify factors associated with series comple-
tion versus discontinuation. Our analysis also excludes
adolescents without provider-verified records, potentially
introducing selection bias if excluded adolescents differed
systematically from those included in the analysis.

The study’s focus on demographic variables such as race,
ethnicity, and sex, while important for understanding dispa-
rities, may not capture other relevant factors such as parental
education, household income, insurance status, or access to
healthcare that could influence vaccination decisions. Our
state-level geographic analysis, while comprehensive, cannot
account for urban-rural differences, local healthcare capa-
city, or community-level factors that may drive vaccination
patterns. Additionally, the observational nature of this study
design limits causal inferences about the relationships
between pandemic timing and vaccination trends.

Finally, our analysis period ends in 2023, potentially
missing longer-term effects of the pandemic on HPV vacci-
nation behaviors. The definition of “after pandemic” as
2022-2023 may be premature, as ongoing effects of
COVID-19 on healthcare systems and public health priori-
ties continue to evolve. This temporal limitation may affect
our conclusions about the sustainability of coverage gains
and the trajectory of post-pandemic recovery.

5.1 Theoretical implications

Our findings fundamentally challenge existing theoretical
frameworks about healthcare system vulnerability during
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public health emergencies. Traditional disaster prepared-
ness models predict uniform degradation of non-essential
services during crises, yet our data demonstrate what we
term “selective resilience” — the capacity for well-supported
preventive services to maintain or even improve perfor-
mance while other healthcare components face significant
disruption. This concept extends beyond simple system
robustness to encompass adaptive capacity that can
leverage crisis conditions to accelerate existing improve-
ment trends.

The persistence of racial and ethnic disparities during
a period of overall coverage improvement reveals critical
theoretical insights about the relationship between system-
level performance and health equity. Our results suggest
that healthcare infrastructure resilience and population-
level equity operate through fundamentally different
mechanisms, requiring distinct theoretical frameworks.
These findings challenge health services research assump-
tions that system improvements automatically benefit all
populations equally, instead supporting theories of “differ-
ential access” where structural advantages and disadvan-
tages are maintained or even amplified during periods of
change.

The emergence and persistence of “reverse disparities”
in HPV vaccination — where racial and ethnic minorities
demonstrate higher uptake than White adolescents —
represents a unique phenomenon in public health that
deserves greater theoretical attention. This pattern contra-
dicts standard minority health frameworks and suggests
that vaccine-specific factors, historical public health mes-
saging, and community trust dynamics create distinct path-
ways for health behavior adoption that may not generalize
to other preventive services.

Our temporal analysis also contributes to implementa-
tion science theory by demonstrating how external shocks
can create windows of opportunity for accelerating
existing public health initiatives. The pandemic period’s
improved HPV vaccination rates suggest that crisis condi-
tions can enhance system adaptability and community
receptiveness to preventive interventions when supported
by appropriate infrastructure and messaging.

5.2 Managerial and policy implications

Healthcare administrators and policymakers can derive
several actionable insights from our findings that extend
beyond HPV vaccination to broader preventive care
delivery. First, investment in robust preventive care
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infrastructure - including electronic health record sys-
tems, automated reminder protocols, telehealth capabil-
ities, and provider training programs — provides returns
that extend beyond normal operations by creating system
resilience during emergencies. Healthcare organizations
should conceptualize these elements as essential compo-
nents of emergency preparedness rather than merely
quality improvement initiatives.

Second, our results demonstrate that maintaining
aggregate population-level performance metrics is insuffi-
cient for achieving health equity goals. The persistence of
state-level disparities, exemplified by Mississippi’s consis-
tently poor performance despite national improvements,
reveals the limitations of broad-based policy approaches.
Policymakers must implement active monitoring systems
that track disparities in real-time and deploy targeted
interventions when geographic or demographic gaps per-
sist or widen. This requires fundamental shifts from popu-
lation-level performance metrics to equity-focused
accountability measures that incentivize providers and
health systems to address disparities proactively.

The post-pandemic decline in UTD coverage observed
in 2023 highlights the critical importance of sustained
attention to preventive services. Policymakers should
develop mechanisms to maintain focus on routine immu-
nizations even when public health priorities shift toward
emerging threats. This could include establishing dedi-
cated funding streams for preventive services that are pro-
tected from reallocation during crisis periods, or imple-
menting automatic triggers that deploy additional
resources when coverage rates decline.

For provider-level interventions, our findings support
transitioning from initiation-focused metrics to UTD -
focused accountability measures. The persistent gap
between initiation and UTD coverage across all demo-
graphic groups suggests that current systems successfully
engage families initially but fail to support series comple-
tion. Healthcare systems should implement comprehensive
tracking mechanisms that monitor patients throughout the
vaccination series and deploy targeted interventions when
follow-up appointments are missed.

International policymakers can learn from both the
successes and limitations of the U.S. experience. While
strong healthcare infrastructure enabled resilience during
the pandemic, the persistence of geographic and demo-
graphic disparities reveals that infrastructure alone is
insufficient. Countries developing HPV vaccination pro-
grams should prioritize building equitable delivery sys-
tems from the outset rather than attempting to address
disparities after achieving high aggregate coverage rates.
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5.3 Ideas for future research

Several critical research directions emerge from our findings
that could significantly advance understanding of preventive
care delivery, health equity, and pandemic preparedness.
First, mixed-methods longitudinal studies following indivi-
dual patients and families through the pandemic period
could illuminate decision-making processes that aggregate
surveillance data cannot capture. Such research should
examine how pandemic experiences shaped attitudes
toward preventive care, whether families who delayed
care eventually caught up, and how provider communica-
tion strategies evolved during different phases of the crisis.

Second, comparative international research exam-
ining HPV vaccination patterns during COVID-19 across
different healthcare systems could test the generalizability
of our findings about selective resilience. Cross-national
studies could identify specific system characteristics that
promote equitable preventive care delivery during emer-
gencies and inform policy transfer efforts between
countries with different organizational and financing
structures. Such research should particularly focus on
countries that maintained both high coverage and low dis-
parities during the pandemic to identify best practices.

Third, implementation science research should examine
the specific organizational adaptations that enabled some
healthcare systems to maintain or improve HPV vaccination
delivery during the pandemic. Case studies of high-per-
forming health systems, states, and individual practices could
identify transferable strategies for maintaining equity-
focused preventive care during emergencies. This research
should investigate how successful organizations modified
workflows, communication strategies, and performance mon-
itoring systems to sustain vaccination services.

Fourth, behavioral economics research could explore
how crisis conditions alter decision-making around pre-
ventive health behaviors. The unexpected improvement
in HPV vaccination rates during 2020-2021 suggests that
pandemic conditions may have created unique psycholo-
gical or social dynamics that enhanced vaccine acceptance.
Understanding these mechanisms could inform strategies
for promoting preventive behaviors during future emer-
gencies or even during normal circumstances.

Fifth, health disparities research should investigate the
mechanisms underlying “reverse disparities” in HPV vacci-
nation and whether similar patterns exist for other pre-
ventive services. Such studies could examine how histor-
ical public health messaging, community trust dynamics,
and provider practices interact to create differential
uptake patterns across racial and ethnic groups. This
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research could inform more effective communication stra-
tegies and help predict which populations might be most
responsive to specific intervention approaches.

Finally, health economics research should evaluate the
cost-effectiveness of different strategies for maintaining
preventive services during public health emergencies.
Our findings suggest that infrastructure investments
enabling pandemic resilience may provide substantial
returns, but quantitative analyses are needed to guide
resource allocation decisions. Such studies should examine
both the direct costs of maintaining services and the long-
term health and economic consequences of coverage
disruptions.

These research directions collectively could inform the
development of more resilient, equitable, and effective pre-
ventive care systems capable of maintaining high-quality
services regardless of external circumstances while
actively addressing persistent health disparities. The
COVID-19 pandemic provided a good experiment in health-
care system adaptation that researchers should continue to
mine for insights applicable to future public health
challenges.
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