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Abstract

Despite availability of a safe, effective vaccination, uptake and completion rates of human papillomavirus (HPV) vaccination
remain low in the United States. This is particularly true in the southeast, which also sees some of the highest rates of HPV-
associated (HPVa) cancers. We aimed to identify areas in Alabama in need of intervention with respect to HPVa cancers
and HPV vaccination, and factors potentially associated with these rates by performing county-level secondary data analysis
using state and national data sources. Alabama ranks 15th nationally in HPVa cancer rates, with 66.7% and 80.8% of counties
having higher HPVa cancer rates than the national incidences of males and females, respectively. Regarding HPV vaccination,
95.5% and 98.5% of Alabama’s counties have uptake rates less than the national averages for males and females, respectively.
The seven counties with the highest HPV vaccination uptake ranged in rates from 60.2 to 73.6%. Counties with the highest
HPYV vaccination rates for adolescents were majority African American with low adult educational attainment rates and
high rates of poverty and publicly-insured children/adolescents. These counties were also located in Alabama’s Black Belt
region, traditionally known for low socioeconomics, reduced access to social services, and negative health outcomes. Some
counties with the highest rates of HPVa cancers also had among the highest rates of HPV vaccination, indicating a potential
association between perceived susceptibility and desire to get HPV vaccine in these communities, warranting further inves-
tigation. Future work is needed to translate these findings into actionable intervention practices to increase HPV vaccination.

Keywords HPV - Human papillomavirus - Vaccination - Cancer - Prevention

Introduction

With over 150 related strains, human papillomavirus (HPV)
is the most common sexually transmitted infection in the
United States (US) [1, 2]. Over 79 million Americans
are currently infected and an estimated 14 million people
become newly infected each year [1]. Over 90% and 80%
of sexually active men and women, respectively, will be
infected with at least one strain of HPV, and approximately
50% of infections are with high risk, cancer-causing strains.
While most HPV infections are cleared by the immune sys-
tem within two years, if the infection persists it can cause
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serious health issues such as genital warts and/or cancer [2,
3]. HPV-associated (HPVa) cancers include cervical, vulvar,
vaginal, penile, anal, and oropharyngeal, affecting both men
and women [3]. Over 33,000 new cancers attributable to
HPV are diagnosed each year in the US [4]. Incidence rates
of HPVa cancers are particularly high in the southeastern
US, demonstrating particular need for interventions related
to HPV prevention in this region [5]. Alabama, specifically,
ranks 5th in incidence and 7th in mortality for oropharyngeal
cancer in the US; 3rd in incidence and 1st in mortality with
respect to cervical cancer; and 15th overall for all HPVa
cancers combined [6].

However, there has been an effective, widely-available
HPYV vaccination for cancer prevention, available in the US
since 2006 [7]. The current HPV vaccine administered in the
US protects against nine different high-risk (cancer-causing)
HPYV strains and is administered in a 2- or 3-dose series,
depending on age of vaccine initiation [1, 7]. When adminis-
tered appropriately, the vaccine has demonstrated extremely
high efficacy in preventing infection with cancer-associated
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strains of HPV, with protection rates close to 100%. Between
June 2006 and December 2017, over 100 million doses of
the HPV vaccine were distributed in the US with demon-
strated safety. Despite exhibiting efficacy and safety, how-
ever, uptake and completion of the vaccine has been far
below the Healthy People 2020 goal of 80% coverage. In
2017, the National Immunization Survey-Teen (NIS-Teen)
estimated the national rate of HPV vaccination initiation
for adolescents aged 13—17 years in the US to be 65.5%,
with a completion rate of 48.6%, although 88.7% and 85.1%
received the tetanus-diphtheria-pertussis (Tdap) vaccine and
at least one dose of the meningococcal (MenACWY) vac-
cine, respectively. HPV vaccination rates in the southeastern
US, including Alabama, are among the lowest in the nation,
indicating the need for drastic improvements at the state,
regional, and national levels [8].

Given the dire outcomes in the state, the objective of the
current study was to compile and analyze epidemiologic
data about the state of Alabama to map rates of HPVa can-
cers, rates of HPV vaccination, and potentially associated
variables across the state, by county, to identify potential
correlates and mediating factors. The aim of this work was
to identify areas in Alabama in need of intervention with
respect to HPVa cancers and HPV vaccination as well as
factors potentially associated with these rates to determine
ways to improve related health outcomes.

Materials and Methods

Secondary data analysis was conducted using data from the
Alabama Department of Public Health Immunization Divi-
sion state registry: Immunization Patient Resources with
Integrated Technology (ImmPRINT) database [9], the Ala-
bama state cancer registry [10], the National Cancer Insti-
tute’s Surveillance, Epidemiology, and End Results Program
(SEER) database [11], the 2016 US census [12], the US
Department of Health and Human Services [13], and the US
Department of Agriculture’s 2013 Rural-Urban Continuum
Codes (RUCC) [14].

Data Analysis

Data were analyzed by county to determine rates of HPV
vaccination uptake (ImmPRINT), rates of HPVa cancers [9,
11], and other influencing factors including: racial demo-
graphics, poverty, educational attainment, health insurance
coverage [12], number (and specialty) of healthcare pro-
viders in each area [13], and rurality [14]. RUCC divided
Alabama counties into urban (codes 1-3) and rural (codes
4-9) groups based on population size and proximity to a
metropolitan area [14]. Urban-rural status was determined
by applying population and worker commuting criteria to

the results of the 2010 census and 2006-2010 American
Community Survey [14]. Data were analyzed by county and
maps were created to visually demonstrate the varying rates
by county.

Results
State and County-Level Demographics

The state of Alabama consists of 67 counties. The state’s
overall population is comprised of 66.2% White, 26.4% Afri-
can American, 4.0% Hispanic, 1.2% Asian/Pacific Islander,
< 1% American Indian/Alaskan Native, and 1.6% identifying
as >2 races [12]. This compares with the reported national
population racial distribution of: 62.0% White, 12.3% Afri-
can American, 17.3% Hispanic, 5.4% Asian/Pacific Islander,
< 1% American Indian/Alaskan Native, and 2.3% identifying
as >2 races [12]. Among Alabama counties, racial demo-
graphics vary widely, with White populations ranging from
15.8 to 96.6% and African American populations ranging
from 0.4 to 82.1% (Fig. 1) [12]. Regarding educational
attainment, 24.0% of Alabamians 25 years and older have a
bachelor’s degree or higher (county range 8.6—47.5%) [12].
Using USDA Rural-Urban Continuum Code classifications,
32 counties (47.8%) are classified as rural (RUCC code > 6),
meaning almost half of Alabama counties have a population
of 20,000 or less [14]. Eleven counties (16.4%) are desig-
nated as, “completely rural” (RUCC code > 8), with popula-
tions of 2500 or less (Fig. 2a) [14]. Regarding poverty and
income, 40 counties (59.7%) have poverty rates above the
state average of 18.4%, and 65 counties (97.0%) have pov-
erty rates exceeding the national average of 12.7% (Fig. 2b)
[12]. Alabama’s median household income is $44,758, com-
pared to the national median of $55,322 [12]. Among Ala-
bamians, 88.4% of the total population is insured, similar
to the national average of 88.3% [12]. Of those insured in
Alabama, 66.4% have private insurance versus 35.4% who
are publicly insured (Fig. 3a) [12]. For uninsured popula-
tions, counties range from 8.2 to 19.1% [12]. When looking
specifically at children ages 0-21, the state average of Med-
icaid-eligible children is 55.3% (county range 30.8-94.9%).
Throughout the state, 48 counties (71.6%) have an annual
percentage of Medicaid-eligible children above 60%, with
22 counties (32.8%) having an annual percentage above 70%
(Fig. 3b) [15]. With respect to healthcare provider access,
Alabama has 3166 practicing primary care physicians (i.e.,
general practice, family medicine, internal medicine, and
pediatrics) [16]. However, there are significant disparities in
healthcare access with 22 counties (32.8%) lacking pediatri-
cians (Fig. 3c), and two counties (Coosa and Lamar) also
lacking primary care providers [13].
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Fig. 1 Racial demographics in Alabama by county (2016)
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Fig.2 a Rurality (2013) and b Percent poverty (2016) in Alabama by county
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HPVa Cancers in Alabama

For overall HPVa cancer incidence, Alabama is ranked 15th
in the US [4]. Among males, Alabama’s HPVa cancer inci-
dence is 10.9 [17], and of the 45 counties for which there is
available data on male HPVa cancer incidence, 30 counties
(66.7%) have higher HPVa cancer rates than the national
incidence of 10.4 [17]. In the eight counties with the high-
est rates of male HPVa cancers, median age ranged from
31.2 to 43.2 years old. For females, Alabama’s HPVa cancer
incidence is 15.6 [17]. Of the 52 counties with data avail-
able, 42 (80.8%) have higher rates of female HPVa cancer
than the national incidence of 13.6 (Fig. 4) [17]. For the 13
counties with the highest rates of female HPVa cancers, the
median age range 34.8—43.9 years old. Of the eight and 13
counties with the highest rates of HPVa cancers for males
and females, respectively, only three of these counties over-
lapped for both sexes (Tallapoosa, Chambers and Macon)
[17]. There was substantial variation regarding access to care
in counties with the highest rates of male and/or females
HPVa cancers, with the Primary Care Provider (PCP) ratio
ranging from 1542:1 to 4506:1 in counties with the high-
est rates of male HPVa cancer and ranging from 1085:1 to
5493:1 in counties with the highest rates of female HPVa
cancer. When examining the geographic location, 75%
of counties with the highest rates of HPVa cancer among
males, and over 50% of these counties for females, were
located in the southeastern portion of Alabama.
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With respect to specific HPVa cancers, Alabama has the
3rd highest cervical cancer incidence and is first in cervi-
cal cancer mortality in the US [4, 6]. The rate of cervical
cancer incidence in Alabama is 9.0 per 100,000 (county
range 5.0-18.4), with a mortality rate of 3.5 per 100,000
(county range 2.3—4.8), compared to national cervical cancer
incidence and mortality rates of 7.5 and 2.3, respectively
[17]. Additionally, Alabama has the 5th highest incidence
of oropharyngeal cancer and 7th highest mortality in the US
[6]. The incidence rate of oropharyngeal cancer in Alabama
is 13.0 per 100,000 (county range 9.5-20.3) [17], with a
mortality rate of 2.7 per 100,000 (county range 1.5-5.7),
compared to national rates of 11.6 and 2.5, respectively [17].

HPV Vaccination in Alabama

According to NIS-Teen data, the combined HPV vaccination
uptake rate (> 1 dose) for males and females ages 13—17 in
the state of Alabama is 58.0%, compared with the national
average of 65.5%, placing Alabama 44th in the US for HPV
vaccination uptake (county range 33-66%, median =44.5%)
[9, 18]. Sixty-four (95.5%) and 66 (98.5%) of Alabama’s
counties have uptake rates less than the national averages
of 62.6% for males and 68.6% for females, respectively
[9]. HPV vaccination uptake in Alabama is higher among
females (61.1%) than males (55.1%), comparable to the
national discrepancy in female (68.6%) versus male (62.6%)
HPYV vaccination uptake [8]. Completion rates (two doses

: | Jackson
Data suppressed % ‘9&
11.0-149 —=
15.0-18.9 = . j
B 19.0-229 Marion | Winston y‘
230+ oy

Sumter

Dallas Macon
2/ ) f ot |
§ lcox =

Females

Fig.4 HPV-associated cancer incidence in males and females in Alabama by county (2006-2015)
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Fig.5 Comparing HPV vaccination, Tdap, and MenACWY (2017)

or three doses depending on age of initiation) are also low
in Alabama at 40.3% for male and female adolescents, com-
pared to the national completion rate of 48.6% [8]. HPV vac-
cination rates are drastically lower than those of Tdap and
MenACWY vaccination rates in the US, which are reported
to be 88.7% and 85.1%, respectively, among adolescents
ages 13—17 [8]. Vaccination patterns in Alabama mirror
these national trends with state Tdap and MenACWY rates
estimated to be 88.7% for Tdap and 78.3% for MenACWY
for those 13-17 years old (Fig. 5) [8].

In the current analysis, we identified seven counties with
the highest HPV vaccination uptake for females (Bullock,
Dallas, Hale, Lowndes, Macon, Perry, and Wilcox) where
HPV vaccination uptake ranged from 60.2 to 73.6% [9]. Four
of these counties also demonstrated the highest rates of HPV
vaccination uptake for males (Bullock, Dallas, Lowndes, and
Wilcox), ranging from 60.0 to 65.4% [9]. Many commonali-
ties were observed within these seven counties. With respect
to race, over 50% of the population in each county was Afri-
can American (range 58.3-82.1%) while 40% or less of the
population in each county was White (range 15.1-40.0%)
[12]. All seven counties demonstrated educational attain-
ment below the state average (24.0%) for individuals
who have obtained a bachelor’s degree or higher (range
10.3-20.0%) [12]. These counties are also comparable with
respect to poverty rates, ranging from 24.9 to 39.8% [12].
Similarly, all seven counties have extremely large popula-
tions of Medicaid-eligible children (range 73.8 to 94.0%)
[15]. Geographically, five of these seven counties are located
in the lower/central portion of Alabama, clustered together.
The remaining two are also clustered together but toward
the lower/central-eastern part of the state. Interestingly, all
seven counties are located in the area of Alabama histori-
cally known as the Black Belt. Some notable differences
were observed among the seven counties with the highest
rates of HPV vaccination uptake, however, including sub-
stantial variation in RUCC designations (ranging from 2 to

9), as well as with respect to provider access, with at least
one pediatrician present in three of these counties, but no
pediatrician presence in the other four [13, 14].

Discussion

In the current study, we aimed to identify areas in Alabama
in need of intervention to increase HPV vaccination and
reduce HPVa cancers and determine factors potentially asso-
ciated with current rates of each. While many states in the
southeastern US have high rates of HPVa cancers, Alabama
stands out, ranking 15th in the US, with among the highest
rates of cervical and oropharyngeal cancer incidence and
mortality [4, 6, 14, 15]. Within the state, 66.7% and 80.8%
of counties with available data have higher rates of HPVa
cancers than the national average for males and females,
respectively [17]. These statistics demonstrate the significant
risk that HPVa cancers pose to Alabamians and the dire need
for statewide initiatives to increase awareness, education,
prevention, screening, and treatment.

Of the eight and 13 counties with the highest rates of
HPVa cancers for males and females, respectively, only three
of these counties overlapped for both sexes (Tallapoosa,
Chambers and Macon) [17]. Geographic trends were
observed for both HPVa cancers as well as HPV vaccina-
tion within the state, as counties located in the southeastern
portion of Alabama had the highest rates of HPVa cancers
(75% for male HPVa cancers and 53.8% for female HPVa
cancers) [17]. The three overlapping counties with highest
rates for both males and females are located in this region
and are neighboring counties, appearing as a small cluster
when viewed on a map (Fig. 4). Given the broad range of
PCP ratios within these counties, more research is needed
to better understand issues such as access to care, trust of
the medical community, and access and uptake of screening
and preventive services.

Interestingly, some of the counties with highest rates of
HPVa cancer also had among the highest rates of HPV vac-
cination uptake in the state—a previously unobserved trend.
One potential explanation for this is that increased perceived
susceptibility to HPVa cancers, based on observed rates and
outcomes within the community, may increase motivation
for HPV vaccination among both healthcare providers and
parents. This may be especially true for smaller, rural areas
where communities are closely-knit and have a great deal
of peer influence. The association between HPVa cancer
rates and HPV vaccination uptake needs further analysis to
determine statistical significance. Additionally, qualitative
research is needed to assess perceptions and motivations
regarding HPVa cancer and HPV vaccination within these
communities.
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Fig.6 HPV vaccination uptake among males and females in Alabama, ages 13-17 (2018)

The most prominent initiative needed to reduce rates of
HPVa cancers, both nationally and in Alabama, is increased
HPV vaccination. Despite its effectiveness, HPV vaccina-
tion remains underutilized in the US as well as in Alabama,
which ranks 44th in HPV vaccine initiation among ado-
lescents [7, 9, 18]. There is a wealth of existing literature
exploring reasons for low HPV vaccination coverage in the
US, with evidence supporting various explanations, includ-
ing demographic factors such as race, socioeconomic sta-
tus, and education [19-21]. Less tangible factors, such as
parental knowledge about HPV, healthcare provider recom-
mendations, religious and cultural influences, and concerns
about the HPV vaccination (e.g. regarding safety, leading
to promiscuity, and other misperceptions) also influence
low vaccination rates [20, 22]. Examining state vaccination
registry data, findings from the current study determined
that within Alabama only one county (Perry) had HPV vac-
cination uptake rates greater than the national average for
females and only three counties (Bullock, Dallas, and Wil-
cox) for males (Fig. 6), demonstrating the need for improve-
ment in essentially the entire state [9, 18]. However, four
counties did demonstrate HPV vaccination uptake rates of
60.0% or higher for adolescent males (ages 13—17), as did
seven for females in that age range [9]. All four counties with
the highest uptake among males also had the highest uptake
among females (Bullock, Dallas, Lowndes, and Wilcox) [9].

Each of these counties is comprised of well over half
African American residents. While existing literature

@ Springer

considers race as a risk factor for HPVa cancers, the rela-
tionship between race and HPV vaccination has been less
clearly defined. The current data indicate that counties
with large proportions of African American residents had
higher levels of HPV vaccination uptake than those with
larger proportions of White residents, supporting some pre-
vious work suggesting this racial association [18, 19, 23,
24]. These counties also had similar socioeconomic factors
with above-average rates of poverty, low rates of educational
attainment, and extremely high rates of Medicaid-eligible
children (with two counties above 93%). These demograph-
ics, though, are consistent with existing literature which has
found that poorer, less educated individuals, often with pub-
lic insurance, frequently have higher rates of HPV vaccina-
tion uptake because they are more willing to comply with
healthcare provider recommendations rather than question-
ing the advice [19, 23, 25]. Interestingly, only three of these
seven counties had a resident pediatrician, which is coun-
terintuitive to what would be expected to produce such high
rates of HPV vaccination. With nearly every county having
only one county health department, few—if any—pediatri-
cians, and documented shortages of primary care physicians
(projected to be a deficit of — 30.7% by 2025 [26]), this
opens the opportunity for future research into what setting(s)
adolescents are being vaccinated with such limited options
and how to improve vaccination access.

Perhaps most interesting of the current findings are the
geographic trends observed with respect to counties with
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the highest rates of HPV vaccination—all seven of these
counties are located in in Alabama’s Black Belt region. Ala-
bama’s Black Belt area is part of a national Black Belt region
that spans from Texas to Virginia, with its name originat-
ing from the rich, fertile soil found there [27]. Today, these
counties are noted for having very rural, frequently agricul-
turally-based economies with large proportions of African
American residents and high levels of socioeconomic and
health disparities [28]. These include high rates of poverty
and unemployment, poor access to social services, educa-
tion, and medical care, and high rates of negative health
outcomes including stroke, chronic diseases, and cancer
mortality rates [28, 29]. Counties located in this region are
not known as leaders in preventive medicine—quite the con-
trary. Improved understanding of how these counties have
achieved the highest HPV vaccination rates in the state is
greatly needed and could potentially be adapted into targeted
interventions to improve vaccination rates in other disparate
rural areas.

Comparable to previous studies, findings from the current
work demonstrated a particularly concerning discrepancy
between Tdap and MenACWY vaccination rates and HPV
vaccination rates (88.7% vs. 78.3% vs. 58.0%) in Alabama
that is reflective of trends observed nationally (Fig. 5) [8, 30,
31]. This disparity signifies a substantial missed opportunity
for vaccination in the adolescent population and indicates
that while adolescents are participating in vaccination, there
are significant barriers within this population that are unique
to HPV vaccination [32-35]. This disparity specific to HPV
vaccination, consistent with previous literature, indicates
the vital need for further investigation to determine what
HPYV vaccine-specific barriers exist and how they can be
addressed to increase rates of uptake and completion [30,
31, 36]. Additionally, it is essential that providers understand
that to obtain an accurate view of HPV vaccination missed
opportunity they must compare their HPV vaccination rates
to their own Tdap and MenACWY rates, rather than com-
paring their HPV vaccination rates to state or national HPV
vaccination rates.

Limitations

As an analysis of secondary data, the current study was lim-
ited by the data available. Regarding HPVa cancer incidence,
data was suppressed for many counties for several cancer
types due to overall low incidence of these cancers as well as
because of the low populations within some counties, mak-
ing us unable to quantify and rank all counties with respect
to each HPVa cancer. In order to examine HPV, Tdap,
and MenACWY vaccination rates between states and the
national rates, the overall Alabama rates used for those anal-
yses were those reported by NIS-Teen. However, because

NIS-Teen data are an estimation of vaccination coverage
among adolescents ages 13—17 years old generated using a
limited sample [37], they may not most accurately represent
the adolescent population in Alabama. The state averages
reported by NIS-Teen were not consistent with averages
reported from the state’s InmPRINT database (with NIS-
Teen rates substantially higher), indicating likely inflation of
vaccination rates in the NIS-Teen data as a result of sampling
methods. Important to note, though, is that vaccination rates
generated by InmPRINT (comprising the county-level data
reported here) are likely to be underestimations of these rates
due to under-reporting and provider non-use of the Imm-
PRINT system. All data were reported with the greatest
accuracy and consistency possible, adjusting sample char-
acteristics to mirror age ranges and any other characteristics
needed to maintain data quality. Additionally, the results and
conclusions of the current study were made observationally
so interpretation should be performed with caution. Formal
data analysis is needed to determine and validate the statisti-
cal significance of the trends observed here.

Conclusions

This study uniquely analyzes HPVa cancer and HPV vacci-
nation rates within the state of Alabama. Findings indicate
a potential association between high rates of HPVa cancers
and greater rates of HPV vaccination, leading to specula-
tion regarding the influence of perceived susceptibility and
perceived risk on HPV vaccination uptake in these com-
munities warranting further investigation. There was an
overall disparity in the state with respect to rates of Tdap
vs. MenACWY vs. HPV vaccination, indicating barriers
specific to HPV vaccination. The counties with the high-
est HPV vaccination rates for male and female adolescents
were predominantly African American with low rates of
adult educational attainment and high rates of poverty and
publicly-insured children and adolescents. Also, these coun-
ties were located in Alabama’s Black Belt region, an area
traditionally known for poor socioeconomics, low access
to social services, and negative health outcomes. Future
research should utilize qualitative methods to explore several
of the current themes in more depth to assess the validity
of concepts theorized here such as what methods are being
implemented in the counties that demonstrate the greatest
success in HPV vaccination uptake and who is implement-
ing these measures. Also, the same variables examined here
should be assessed with respect to HPV vaccination com-
pletion rates to determine possible associations or dispari-
ties. Establishing an association between perceived risk and
increased HPV vaccination would promote development of
targeted, theory-based intervention strategies to effectively
increase vaccination uptake that could be translated to other
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settings and populations. Further expansions of this work
should also examine HPVa cancer mortality and its potential
association with perceived risk and protection motivation
on the provider, parent, and patient levels. Each of these
should be examined with respect to access to care, screen-
ing and preventive services (both availability and uptake),
cancer stage at diagnosis, and related factors. Finally, all
these concepts should be examined on a broader platform
to see their relevance and applicability on a national level.
The broader goal of this study is to identify potential trends
affecting HPV vaccination and HPVa cancers that may be
applicable in other parts of the US and potentially amenable
to interventions derived from this work. The current find-
ings can be used to inform and guide stakeholders for future
initiatives in policy, healthcare, and public health.
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