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Purpose: To identify factors associated with Human Papillomavirus (HPV) vaccine series completion
among vaccine initiators in Mississippi Medicaid.
Methods: 2013–2018 Mississippi Medicaid administrative claims data were analyzed. Female and male
beneficiaries aged 9 to 26 years who initiated HPV vaccination in the identification period were assessed
for completion of age-appropriate number of recommended doses within a period of 12 months. Sex-
stratified multivariable logistic regression was used to examine factors associated with HPV vaccine ser-
ies completion in the study sample.
Results: A total of 18,110 female and 18,186 male beneficiaries initiated HPV vaccine between January 1,
2014 and June 30, 2017. Most of the initiators belonged to ages 11 to 12 years, African American race,
managed care plans and Central Mississippi public health region. The vaccine series completion rate
was 34% for females and 30% for males. Younger age at initiation was a significant predictor of vaccine
series completion in both sexes. Specifically, initiators in age groups 9 to 10 and 11 to 12 years, respec-
tively, had greater odds of completion, while initiators aged 15 to 26 years had lower odds of completion
compared to initiators aged 13 to 14 years. Female and male beneficiaries in managed care plans (vs. fee-
for-service) and of African American race (vs. Caucasians) had lower odds of completing the vaccine ser-
ies. Female and male beneficiaries who initiated HPV vaccine series with a pediatrician had the highest
completion rates.
Conclusion: HPV vaccination series completion rate in Mississippi Medicaid was suboptimal despite the
high HPV-related cancer incidence in the state. HPV vaccine series completion is influenced by various
sociodemographic factors. There is a need for robust education and public health programs to encourage
completion of recommended doses.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Human Papillomaviruses (HPVs) are a group of more than 150
viruses, which commonly affect teens and adults. Most HPV infec-
tions resolve on their own. However, some sexually transmitted
HPVs cause genital warts and others cause several types of cancers
such as cancer of the cervix, vagina, vulva, penis, anus and orophar-
ynx [1]. An HPV-associated cancer is a specific cellular type of can-
cer that is diagnosed in a part of the body where HPV is often found
[2]. It is estimated that 79% of HPV-associated cancers can be
attributed to the virus [2]. According to data from cancer registries,
the incidence of HPV-associated cancers in Mississippi (MS) is esti-
mated to be 14.3 per 100,000 persons, compared to the national
average of 11.7 per 100,000 persons [3].

Three vaccines, Gardasil� (4vHPV), Cervarix� (2vHPV) and Gar-
dasil�9 (9vHPV) were licensed by the Food and Drug Administra-
tion (FDA) for immunization against HPV. The Advisory
Committee on Immunization Practices (ACIP) recommends initia-
tion of the HPV vaccination series at ages 11 to 12 years, however,
vaccine initiation can occur as early as 9 years of age [4]. Prior to
October 2016, a 3-dose immunization schedule within a period
of 12 months was recommended, irrespective of age at initiation
[5,6]. However, results from a 9vHPV vaccine clinical trial showed
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noninferior immunogenicity with 2 doses administered in male
and female participants of ages 9 to 14 years compared to 3 doses
administered in older female participants [7]. Similar findings were
shown for 2vHPV and 4vHPV vaccines, respectively [8]. Conse-
quently in October 2016, ACIP voted to reduce the recommended
number of doses for completion for children who initiate before
the age of 15 years to two doses [9]. Three doses continued to be
the recommended number for completion if initiated at 15 years
of age or later [9]. As of 2017, Gardasil�9 is the only vaccine avail-
able in the United States [10] and a policy update in 2018
expanded the maximum age limit for HPV vaccine receipt to
45 years [11].

While initiation is the necessary first step, completing the series
is required to ensure effective immunization. Studies report HPV
vaccine completion rates ranging from 23 to 60% and vaccine recip-
ient’s characteristics such as younger age, Caucasian race, higher
education level, higher household income and health insurance
coverage are factors associated with greater likelihood of vaccine
series completion [12–18]. However, these studies primarily uti-
lized data from national or regional surveys and managed care
organizations. Little is known about factors that influence vaccine
series completion in the Medicaid population. As of July 2017, an
estimated 60% of MS population under 19 years of age was enrolled
to receive health benefits through Medicaid fee-for-service (FFS),
Children’s Health Insurance Program (CHIP) or Medicaid’s man-
aged care programs [19,20]. Given the high HPV-related cancer
rates [21] and the substantial Medicaid-served population in the
state, the current study examined HPV vaccine series completion
rate and factors associated with completion in MS Medicaid bene-
ficiaries aged 9 to 26 years.
2. Methods

2.1. Study design and sample

An observational retrospective cohort study was conducted
using MS Medicaid administrative claims data from January 1,
2013 to June 30, 2018. The period from January 1, 2014 to June
Fig. 1. Diagrammatic descrip
30, 2017 was used as the sample identification period (see
Fig. 1). MS Medicaid beneficiaries aged 9 to 26 years who had at
least one medical claim for an HPV vaccine identified using Current
Procedural Terminology (CPT) codes for a quadrivalent, a bivalent
or a 9-valent vaccine (90649, 90,650 or 90651, respectively) during
the identification period were included in this study. The first iden-
tified claim for each beneficiary was recorded as the index event
and the corresponding date as the index vaccination date.
12-months prior to the index vaccination date were used as a
wash-out period to exclude beneficiaries with previous HPV vac-
cine claims. The 12-month period following the index vaccination
date was used to follow beneficiaries. Beneficiaries who were preg-
nant at any time from the start of identification period (i.e. January
1, 2014) to the end of follow-up period (i.e. June 30, 2018) were
excluded. This analytic sample of beneficiaries were identified as
‘‘initiators”. Initiators were required to be continuously enrolled
in MS Medicaid during the wash-out and the follow-up periods,
respectively. Initiators were followed for 12 months post-index
vaccination date to assess receipt of the remaining of the recom-
mended doses of the vaccine. The study received approval from
the University of Mississippi’s Institutional Review Board.
2.2. Study variables

The main outcome of interest was HPV vaccine series comple-
tion in the follow-up period. The operationalization of vaccine ser-
ies completion was guided by the most recent vaccine efficacy data
[8] and the subsequent ACIP recommendation for HPV vaccine ser-
ies completion [9]. Therefore, initiators who were younger than
15 years of age were considered as having ‘‘completed” the series
if they had at least 2 HPV vaccine claims during the follow-up per-
iod. Initiators who were 15 years of age or older were considered as
having ‘‘completed” if they received at least 3 doses in the follow-
up period. We did not use an operational definition of completion
for beneficiaries based on guidelines as of the time of their initia-
tion because the primary focus of the current study is adequate
vaccination rather than adherence to guidelines. Further, HPV vac-
cine claims within a 7-day window were considered as part of the
tion of the study design.
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same vaccination event as a conservative approach to avoid
double-counting of vaccination doses. This approach was based
on recent findings from Layton et al.’s study evaluating variation
in vaccination coding in Medicaid data [22].

Sociodemographic characteristics including age at initiation,
sex, race, health plan at initiation and MS public health region were
obtained for all beneficiaries from the enrollment file. Based on
their age at initiation, beneficiaries were categorized into four
age groups: 9 to 10, 11 to 12, 13 to 14, 15 to 26 years of age. These
four categories were identified to account for updated ACIP guide-
lines for series completion mentioned above as well as differential
coverage policies for vaccines in Mississippi Medicaid based on
age. The cost of HPV vaccine for children below 19 years of age is
covered through Vaccines for Children (VFC), a federally funded
program available through the Centers for Disease Control and
Prevention (CDC) [23], and for adults 19 years and older by Missis-
sippi Division of Medicaid [24]. The race variable included four cat-
egories: Caucasian, African American, Hispanic and others
(included Asian/Pacific Islander, Native American/Alaskan and all
others). A beneficiary’s county of residence at the time of enroll-
ment was used to classify the sample in to three public health
regions in MS (Northern, Southern and Central). This variable
was used to examine geographic variation in vaccination comple-
tion rates. Health plan at initiation and type of provider who initi-
ated the series were also included in the model. The plan variable
consisted of two categories: FFS and managed care plans. Provider
type who administered the initial dose was categorized as follows:
pediatricians, family physicians, other physician specialties, nurse
practitioners and other providers.
2.3. Statistical analysis

Given certain key gender-based differences in recommenda-
tions, perspectives and rates of vaccination that have been
observed over time [25], stratified analysis was conducted for
males and females. Sample characteristics were reported as pro-
portions for categorical variables. Completion rate within each
sex was calculated as the percentage of ‘‘completers” across char-
acteristics including age group, race/ethnicity, geographic location
in terms of MS public health region, plan at initiation and provider
who initiated the HPV vaccine series. Multivariable logistic regres-
sion, controlling for aforementioned characteristics, was used to
evaluate association between various factors and completion of
the vaccine series. A significance level of a = 0.05 was used for
all analyses. All analyses were conducted in SAS 9.4 (SAS Institute,
Cary, NC).
3. Results

3.1. Sample characteristics

A total of 36,296 beneficiaries were identified as ‘‘initiators”, of
which 18,110 (49.9%) were female and 18,186 (50%) were male
(see Fig. 2). The overall vaccine series completion, as defined in
the current study, was 34% for females and 30% for males. The total
analytic sample consisted of a higher proportion of children of age
11 to 14 years (73% of females, 71% of males), African Americans
(71% of females and males, respectively) and beneficiaries enrolled
in managed care at the time of initiation (65% of females, 64% of
males) as presented in table 1. More than half of all initial doses
were administered by pediatricians (35% of females, 39% of males),
other providers (30% of females, 26% of males) and nurse practi-
tioners (24% of females and males, respectively) combined. A major
proportion of beneficiaries resided in Central MS (41% of females,
40% of males) at the time of enrollment.
3.2. Factors associated with HPV vaccine series completion

There was a wide variation in vaccine series completion rates
by age group, race, initiating provider type, health plan at initia-
tion and MS public health region among female and male benefi-
ciaries (Table 1). The highest completion rates were observed in
the age group of 9 to 10 years for females (56%) and males
(47%), respectively. A decline in completion rate was observed
in the older age group of 15 to 26 years, with rates falling dras-
tically to 9% in females and 7% in males, respectively. The current
study found that 19% of beneficiaries 15 years or older had only
received 2 of the required 3 doses and therefore were classified
as ‘‘non-completers”. Among different racial groups, Hispanics
had the highest completion rate of 46% in females and 42% in
males. The lowest completion rate was observed for African
Americans in females (31%) and for ‘‘Other” in males (27%)
respectively. Beneficiaries enrolled in managed care had a lower
completion rate than those enrolled in FFS. Beneficiaries with
pediatricians as the initiating provider had the highest comple-
tion rate (40% in females, 36% in males) followed by other physi-
cian specialties (34% in females and 31% in males), excluding
family practitioners. Beneficiaries residing in Northern MS public
health region at enrollment had the highest completion rates of
37% in females and 34% in males, followed by the Southern and
the Central regions, each with completion rates of 33% in females
and 28% in males.

Table 2 presents results from multivariable logistic regression
model with all factors in the model stratified by sex. Beneficiaries
who initiated at ages 9 to 10 (females: aOR = 2.22, 95% CI = (1.88,
2.63); males: aOR = 1.75, 95% CI = (1.45, 2.11)) and 11 to 12 (fe-
males: aOR = 1.71, 95% CI = (1.59, 1.84); males: aOR = 1.72, 95%
CI = (1.60, 1.86)) had greater odds of completion, while those
who initiated at 15 to 26 (females: aOR = 0.20, 95% CI = (0.18,
0.23); males: aOR = 0.16, 95% CI = (0.15, 0.19)) had lower odds of
completion than beneficiaries who initiated at 13 to 14 years.
Among females and males, African Americans had lower odds of
completing the vaccine series than Caucasians (females:
aOR = 0.68, 95% CI = (0.63, 0.73); males: aOR = 0.71, 95%
CI = (0.66, 0.77)). Beneficiaries enrolled in managed care at initia-
tion had lower odds of completion than those in FFS (females:
aOR = 0.92, 95% CI = (0.85, 0.98); males: aOR = 0.81, 95%
CI = (0.76, 0.87)). Compared to any provider type, female and male
beneficiaries who received their first dose from a pediatrician had
greater odds of completing the series. Geographically, the odds of
completion was higher for male beneficiaries residing in Northern
(aOR = 1.12, 95% CI = (1.03, 1.21)) and lower for those in Southern
MS public health regions (aOR = 0.88, 95% CI = (0.81, 0.96)) com-
pared to the Central region. The odds of completion for female ben-
eficiaries in Southern MS public health region was significantly
lower than those in the Central region (aOR = 0.91, 95%
CI = (0.84 – 0.99)).
4. Discussion

Our study is one of the first to assess factors associated with
HPV vaccine series completion in a state’s Medicaid program fol-
lowing changes in vaccine availability and ACIP guidelines [9,10].
Cook et al. assessed HPV vaccine completion in Florida’s Medicaid
program using data from 2006 to 2008, the years immediately fol-
lowing vaccine introduction [26]. They found a completion rate of
26.9% among initiators and found that older beneficiaries and Afri-
can Americans were less likely to complete the vaccine series [26].
In our study, the overall HPV vaccine series completion rate within
12 months among eligible female and male Mississippi Medicaid
beneficiaries who had initiated HPV vaccine between January 1,



Fig. 2. Attrition table for beneficiaries included based on study eligibility criteria.
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2014 and June 30, 2017 was 34% and 30%, respectively. The
completion rate for females observed in this study falls within
the 28 to 50% range observed in other studies among 9 to
26-year-old females [12,13,27,28]. This wide variation in comple-
tion rates across studies may be attributed to the different sam-
pling frames and time periods used. An observed completion rate



Table 1
HPV vaccine series completiona rates among initiators in Mississippi Medicaid, January 1, 2014 – June 30, 2017.

Characteristics Female beneficiaries (N = 18,110) Male beneficiaries (N = 18,186)

Initiators
N (%)

Completersb

N (%)
Completion ratec

(%)
Initiators
N (%)

Completersb

N (%)
Completion ratec

(%)

Age group at initiation
9 to 10 634 (3.5) 353 (5.8) 55.7 511 (2.8) 239 (4.4) 46.8
11 to 12 7560 (41.8) 3527 (57.6) 46.7 6984 (38.4) 3063 (56.5) 43.9
13 to 14 5596 (31.0) 1851 (30.2) 33.1 5867 (32.3) 1785 (32.9) 30.4
15 to 26 4320 (23.9) 395 (6.5) 9.1 4824 (26.5) 334 (6.2) 6.9
Race
Caucasian 4364 (24.1) 1741 (28.4) 39.9 4245 (23.3) 1504 (27.7) 35.4
African American 12,861 (71.0) 4007 (65.4) 31.2 12,959 (71.3) 3545 (65.4) 27.4
Hispanic 675 (3.7) 311 (5.1) 46.1 716 (3.9) 301 (5.6) 42.0
Otherd 210 (1.2) 67 (1.1) 31.9 266 (1.5) 71 (1.3) 26.7
Plan at initiation
FFS 6400 (35.3) 2206 (36.0) 34.5 6590 (36.2) 2069 (38.2) 31.4
Managed Care 11,710 (64.7) 3920 (64.0) 33.5 11,596 (63.8) 3352 (61.8) 28.9
Type of provider who initiated the initiating dose
Pediatrician 6400 (35.3) 2580 (42.1) 40.3 7009 (38.5) 2488 (45.9) 35.5
Family Practice 1309 (7.2) 385 (6.3) 29.4 1407 (7.7) 356 (6.6) 25.3
Other physician specialties 600 (3.3) 202 (3.3) 33.7 691 (3.8) 215 (4.0) 31.1
Nurse practitioner 4416 (24.4) 1390 (22.7) 31.5 4270 (23.5) 1136 (21.0) 26.6
Other provider types 5385 (29.7) 1569 (25.6) 29.1 4809 (26.4) 1226 (22.6) 25.5
MS public health regionc

Northern 5250 (29.0) 1918 (31.3) 36.5 5322 (29.3) 1783 (32.9) 33.5
Southern 5373 (29.7) 1768 (28.9) 32.9 5520 (30.4) 1556 (28.7) 28.2
Central 7487 (41.3) 2440 (39.8) 32.6 7344 (40.4) 2082 (38.4) 28.4

HPV = Human papillomavirus; MS = Mississippi.
a Advisory Committee on Immunization Practices 2016 guideline was used as a basis to define vaccine series completion. Completion was defined as receipt of 2 doses if

initiated before the age of 15 years and 3 doses if initiated at 15 years of age or later.
b Includes beneficiaries who received 4 doses, which was less than 0.1% of the study sample.
c Overall completion rate for females was 33.8% (6,126 of 18,110) and for males was 29.8% (5,421 of 18,186).
d ‘Other’ race includes Asian/Pacific Islander, Native American/Alaskan, Mixed race and others.

Table 2
Sex-stratified multivariable logistic regression results for factors associated with HPV
vaccine series completiona among initiators in Mississippi Medicaid, January 1, 2014
– June 30, 2017.

Characteristics Odds ratio (95% CI)b

Females
(N = 18,110)

Males
(N = 18,186)

Age group
9 to 10 2.22 (1.88 – 2.63) 1.75 (1.45 – 2.11)
11 to 12 1.71 (1.59 – 1.84) 1.72 (1.60 – 1.86)
13 to 14 1.00 1.00
15 to 18 0.20 (0.18 – 0.23) 0.16 (0.15 – 0.19)
Race
Caucasian 1.00 1.00
African American 0.68 (0.63 – 0.73) 0.71 (0.66 – 0.77)
Hispanic 1.00 (0.84 – 1.19) 1.14 (0.96 – 1.36)
Otherc 0.83 (0.60 – 1.14) 0.80 (0.59 – 1.08)
Plan at initiation
Managed Care 0.92 (0.85 – 0.98) 0.81 (0.76 – 0.87)
FFS 1.00 1.00
Type of provider who initiated the 1st dose
Pediatrician 1.00 1.00
Family Practice 0.76 (0.66 – 0.87) 0.76 (0.66 – 0.87)
Other physician specialties 0.81 (0.67 – 0.97) 0.79 (0.66 – 0.95)
Nurse practitioner 0.74 (0.68–0.81) 0.70 (0.64 – 0.76)
Other provider types 0.70 (0.64–0.76) 0.62 (0.57 – 0.68)
MS public health region
Northern 1.09 (1.00–1.18) 1.12 (1.03 – 1.21)
Southern 0.91 (0.84 – 0.99) 0.88 (0.81 – 0.96)
Central 1.00 1.00

HPV = Human papillomavirus; CI = Confidence interval; MS = Mississippi
a Advisory Committee on Immunization Practices 2016 guideline was used as a

basis to define vaccine series completion. Completion was defined as receipt of 2
doses if initiated before the age of 15 years and 3 doses if initiated at 15 years of age
or later.

b Model was adjusted for variables presented in the table. c-statistic for the
model with female and male beneficiaries was 0.7, respectively.

c ‘Other’ race includes Asian/Pacific Islander, Native American/Alaskan, Mixed
race and others.
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of about 30% among males in our study is higher than the 24.3%
reported by Ackerson et al. in a sample of 9 to 17-year-old males
enrolled in a managed care organization (MCO) [15], but lower
than the rates (33 to 36%) reported by Spencer et al. in a sample
of privately insured 9 to 26-year-old males [28]. It is worth notic-
ing that most of these studies were published at a time when 3
doses were required for series completion [5,6]. Sensitivity analysis
with a 3-dose requirement for vaccine series completion regardless
of age at initiation produced a completion rate of 13% for females
and 10% for males in our sample. Less than 0.1% of the analytic
sample received 4 doses, reasons for which cannot be verified
given the nature of the data used.

There were disparities in HPV vaccine completion based on age,
gender and race/ethnicity in our study. Younger age has consis-
tently been reported as a significant predictor of series completion
across most previous studies [13,15,16,27,29–31]. CDC-funded VFC
program pays for vaccinations for children below 19 years of age
that qualify for Medicaid, are uninsured, or are American Indian/
Alaskan Native [23]. Based on CDC guidelines, the HPV vaccine
was covered by MS Division of Medicaid for adults 19 years and
older [24]. Therefore, vaccine cost would not be considered a bar-
rier for MS Medicaid beneficiaries of any age group. However, not
only did pre-teens have better completion rates in the bivariate
analysis, but they also had greater odds of successful vaccine series
completion than the older age groups after controlling for various
other factors. The literature suggests that parental concerns
regarding early or increased sexual activity might contribute to
vaccine hesitancy or delay [32,33]. However, evidence from recent
studies shows that early HPV vaccination does not result in
increased sexual activity or risky sexual behaviors among children
[34–36]. Therefore, the responsibility falls on healthcare providers
and health promotion agencies to educate parents and caregivers
in order to help them make an informed decision in a timely
manner.
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More than 70% of our sample was composed of African Ameri-
cans. Similar to other studies, they had lower odds of completion
compared to Caucasians [12,14,15,26,27,37–39]. Since health
insurance coverage is not the issue in the current study, there is
a need to examine other underlying social or cultural phenomena
that may be contributing to racial/ethnic disparities in this sample.
It was interesting to see that Hispanics had greater completion
rates than Caucasians, however this effect was found to be non-
significant in the adjusted model. A previous study by Henry
et al. observed higher vaccine initiation rates among Hispanic girls
from predominantly Hispanic or mixed race communities [40].
They hypothesized various reasons that could potentially explain
this phenomenon such as targeted promotional efforts focusing
on poor, racial/ethnic communities where cervical cancer rates
might be the highest, stronger social support networks and avail-
ability of more health-promoting resources. Future research should
examine facilitators and barriers of HPV vaccination series initia-
tion and completion in Hispanic communities in Mississippi.

In our study, beneficiaries enrolled in managed care plans had
lower odds of completion than beneficiaries enrolled in FFS, which
could be due to the lack of a validated quality measure tying a pro-
vider’s performance to HPV vaccine series completion. Beneficia-
ries who received their first HPV dose from a pediatrician had
higher completion rates, a finding that is consistent with previ-
ously published studies [13,15,16,27,37]. While pediatricians, fam-
ily practitioners and other physician specialties administered most
of the initiating and completing doses, nurse practitioners
accounted for over 20% of the completers. The ‘‘other providers”
category included all other provider types and health agencies.
Due to the secondary nature of our data, we only had access to
the place of service for the latter and could not verify the specialty
of the service rendering provider at the health agencies. We did not
find any pharmacy claims for HPV vaccine in the identification per-
iod. This could be linked to two policy issues: (1) lack of pharma-
cists who are enrolled as VFC providers and are therefore,
ineligible for reimbursement under the program, and (2) HPV vac-
cines administered at a pharmacy venue are not eligible for reim-
bursement under MS Medicaid’s administrative code for
immunizations [24]. Several studies have shown that pharmacists
as immunizers have a significant impact on improving immuniza-
tion rates for other vaccines [41,42]. However, their potential in
serving the Medicaid population remains to be seen. Our study also
identified geographic variation in completion rates, which can be
ascribed to the Northern MS public health region’s proximity to
university-affiliated medical centers and a network of premier
health care institutions in the Memphis metropolitan statistical
area.
4.1. Limitations

There are certain limitations to the current study that should be
mentioned. First, our study sample is not representative of the US
population and hence our findings cannot be generalized to sam-
ples beyond MS Medicaid beneficiaries. Second, we used a sec-
ondary data source which draws conclusions from encounters
that resulted in an administrative claim. Any encounters outside
of Medicaid or those that did not result in a claim (encounters paid
for in cash or through other health benefit programs, for example)
cannot be evaluated. Third, beneficiaries who did not have contin-
uous enrollment for 12 months after the initial vaccine dose were
excluded because of the assumption that enrollment would be a
pre-requisite for getting additional vaccine doses. Lastly, we might
have missed beneficiaries who received the recommended number
of doses over a period longer than 12 months. However, since there
are no guidelines regarding vaccine series completion beyond
12 months, we utilized a 12-month follow-up period based on
noninferiority, immunogenicity trial data for 9vHPV vaccine [7].

4.2. Conclusion

In conclusion, HPV vaccine completion remains suboptimal in
Mississippi Medicaid. There is a need for educational activities that
emphasize on HPV vaccination as cancer prevention and stimulate
conversation about the benefits of early vaccination with patients,
parents and caregivers. Population-based strategies that increased
vaccine availability and interventions that targeted both providers
and patients have shown to greatly impact vaccine uptake [43] and
should be considered while planning new approaches.
Funding source

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
CRediT authorship contribution statement

Sushmitha Inguva: Conceptualization, Methodology, Formal
analysis, Writing - original draft, Visualization, Project administra-
tion. Marie Barnard: Conceptualization, Methodology, Writing -
original draft, Project administration. Lori M. Ward: Conceptual-
ization, Writing - review & editing. Yi Yang: Writing - review &
editing. Eric Pittman: Writing - review & editing. Benjamin F.
Banahan: Visualization, Writing - review & editing. Terri R. Kirby:
Writing - review & editing. Sara L. Noble: Writing - review &
editing.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgement

All authors contributed significantly to the study. Preliminary
results from the study were presented as a poster at the 2018
International Society for Pharmacoeconomics and Outcomes
Research (ISPOR) 23rd Annual Meeting, Baltimore, MD.

References

[1] Centers for Disease Control and Prevention (CDC). Cancers Associated with
Human Papillomavirus (HPV). https://www.cdc.gov/cancer/hpv/basic_
info/cancers.htm. Published 2018. Accessed March 28, 2019.

[2] Centers for Disease Control and Prevention (CDC). CDC - How Many Cancers
Are Linked with HPV Each Year? https://www.cdc.gov/cancer/hpv/
statistics/cases.htm. Published 2018. Accessed October 18, 2018.

[3] Viens LJ, Henley SJ, Watson M, et al. Human papillomavirus-associated cancers
- United States, 2008–2012. MMWR Morb Mortal Wkly Rep 2016;65
(26):661–6. Accessed October 19, 2018: http://www.cdc.gov/mmwr/
cme/conted_info.html#weekly.http://www.cdc.gov/uscs.yhttp://codes.iarc.fr/.

[4] Centers for Disease Control and Prevention (CDC). Human Papillomavirus
(HPV) | Questions and Answers. https://www.cdc.gov/hpv/parents/questions-
answers.html. Published 2018. Accessed October 15, 2018.

[5] Centers for Disease Control and Prevention (CDC). Quadrivalent Human
Papillomavirus Vaccine Recommendations of the Advisory Committee on
Immunization Practices (ACIP). Morb Mortal Wkly Rep. 2007; 56. https://
www.cdc.gov/mmwr/pdf/rr/rr56e312.pdf. Accessed October 20, 2018.

[6] Centers for Disease Control and Prevention (CDC). FDA licensure of bivalent
Human papillomavirus vaccine (HPV2, Cervarix) for use in females and
updated HPV vaccination recommendations from the Advisory Committee on
Immunization Practices (ACIP). 2010; 59(20). https://www.cdc.gov/mmwr/
PDF/wk/mm5920.pdf. Accessed October 20, 2018.

[7] Iversen OE, Miranda MJ, Ulied A, et al. Immunogenicity of the 9-valent HPV
vaccine using 2-dose regimens in girls and boys Vs A 3-dose regimen in

https://www.cdc.gov/cancer/hpv/basic_info/cancers.htm
https://www.cdc.gov/cancer/hpv/basic_info/cancers.htm
https://www.cdc.gov/cancer/hpv/statistics/cases.htm
https://www.cdc.gov/cancer/hpv/statistics/cases.htm
http://www.cdc.gov/mmwr/cme/conted_info.html%23weekly.http://www.cdc.gov/uscs
http://www.cdc.gov/mmwr/cme/conted_info.html%23weekly.http://www.cdc.gov/uscs
http://codes.iarc.fr/
https://www.cdc.gov/hpv/parents/questions-answers.html
https://www.cdc.gov/hpv/parents/questions-answers.html
https://www.cdc.gov/mmwr/pdf/rr/rr56e312.pdf
https://www.cdc.gov/mmwr/pdf/rr/rr56e312.pdf
https://www.cdc.gov/mmwr/PDF/wk/mm5920.pdf
https://www.cdc.gov/mmwr/PDF/wk/mm5920.pdf


S. Inguva et al. / Vaccine 38 (2020) 2051–2057 2057
women. JAMA - J Am Med Assoc 2016;316(22):2411–21. https://doi.org/
10.1001/jama.2016.17615.

[8] Centers for Disease Control and Prevention. Grading of Recommendation
Assessment, Development and Evaluation (GRADE) of a 2-dose schedule for
human papillomavirus (HPV) vaccination. Atlanta, GA: US Department of
Health and Human Services, CDC. https://www.cdc.gov/vaccines/acip/
recs/grade/%0Ahpv-2-dose.html. Published 2016. Accessed December 3, 2019.

[9] Meites E, Kempe A, Markowitz LE. Use of a 2-dose schedule for human
papillomavirus vaccination — updated recommendations of the advisory
committee on immunization practices. MMWR Morb Mortal Wkly Rep
2016;65(49):1405–8. https://doi.org/10.15585/mmwr.mm6549a5.

[10] American Cancer Society. HPV Vaccines. https://www.cancer.
org/cancer/cancer-causes/infectious-agents/hpv/hpv-vaccines.html.
Published 2016. Accessed January 1, 2019.

[11] Markowitz L (Center for DC and P. Expanded age range for 9-valent HPV
vaccine - Background for policy considerations. In: Advisory Committee on
Immunization Practices Meetings. Centers for Disease Control and Prevention
(CDC); 2018:1-53. https://www.cdc.gov/vaccines/acip/meetings/downloads/
slides-2018-10/HPV-03-Markowitz-508.pdf.

[12] Widdice LE, Bernstein DI, Leonard AC, Marsolo KA, Kahn JA. Adherence to the
HPV vaccine dosing intervals and factors associated with completion of 3
doses. Pediatrics 2011;127(1):77–84. https://doi.org/10.1542/peds.2010-
0812.

[13] Liu G, Kong L, Du P. HPV vaccine completion and dose adherence among
commercially insured females aged 9 through 26 years in the US.
Papillomavirus Res 2016;2:1–8. https://doi.org/10.1016/j.pvr.2015.10.001.

[14] Rahman M, Laz TH, McGrath C, Berenson AB. Correlates of human
papillomavirus vaccine series completion among young adult female
initiators. Hum Vaccin Immunother 2014;10(8):2163–7. https://doi.org/
10.4161/hv.29633.

[15] Ackerson B, Hechter R, Sidell M, et al. Human papillomavirus vaccine series
completion in boys before and after recommendation for routine
immunization. Vaccine 2017;35(6):897–902. https://doi.org/10.1016/
j.vaccine.2017.01.007.

[16] Gold R, Naleway A, Riedlinger K. Factors predicting completion of the human
papillomavirus vaccine series. J Adolesc Heal 2013;52(4):427–32. https://doi.
org/10.1016/j.jadohealth.2012.09.009.

[17] Monnat SM, Rhubart DC, Wallington SF. Differences in human papillomavirus
vaccination among adolescent girls in metropolitan versus non-metropolitan
areas: considering the moderating roles of maternal socioeconomic status and
health care access. Matern Child Health J 2016;20(2):315–25. https://doi.org/
10.1007/s10995-015-1831-x.

[18] Chao C, Velicer C, Slezak JM, Jacobsen SJ. Correlates for completion of 3-dose
regimen of HPV vaccine in female members of a managed care organization.
Mayo Clin Proc 2009;84(10):864–70. https://doi.org/10.4065/84.10.864.

[19] U.S. Census Bureau. QuickFacts: Mississippi. https://www.census.gov/
quickfacts/ms. Published 2018. Accessed November 13, 2018.

[20] Mississippi Division of Medicaid (MS-DOM). Mississippi Medicaid 2017
Enrollment Reports. https://medicaid.ms.gov/wp-content/uploads/2017/02/
2017-Enrollment-Reports.pdf. Published 2018. Accessed November 13, 2018.

[21] Centers for Disease Control and Prevention (CDC). HPV-Associated Cancer
Rates by State. https://www.cdc.gov/cancer/hpv/statistics/state/index.htm.
Published 2018. Accessed November 1, 2018.

[22] Layton JB, Butler AM, Brookhart MA, Panozzo CA. Variation in rotavirus
vaccination coding in state US Medicaid data. Vaccine 2019;37(22):2892–5.
https://doi.org/10.1016/j.vaccine.2019.02.074.

[23] Centers for Disease Control and Prevention (CDC). Vaccines for Children
Program. https://www.cdc.gov/vaccines/programs/vfc/index.html. Published
2016. Accessed March 28, 2019.

[24] Mississippi Division of Medicaid. Administrative Code Title 23: Medicaid Part
224 Immunizations.

[25] Daley EM, Vamos CA, Thompson EL, et al. The feminization of HPV: How
science, politics, economics and gender norms shaped U.S. HPV vaccine
implementation. Papillomavirus Res 2017;3(April):142–8.

[26] Cook RL, Zhang J, Mullins J, et al. Factors associated with initiation and
completion of human papillomavirus vaccine series among young women
enrolled in medicaid. J Adolesc Heal 2010;47(6):596–9. https://doi.org/
10.1016/j.jadohealth.2010.09.015.

[27] Chun C, Velicer C, Slezak JM, Jacobsen SJ. Correlates for completion of 3-dose
regimen of HPV vaccine in female members of a managed care organization.
Mayo Clin Proc 2009;84(10):864–70. https://doi.org/10.4065/84.10.864.

[28] Spencer JC, Brewer NT, Trogdon JG, Wheeler SB, Dusetzina SB. Predictors of
Human Papillomavirus vaccine follow-through among privately insured US
patients. Am J Public Heal 2018;108:946–50. https://doi.org/10.2105/
AJPH.2018.304408.

[29] Cowburn S, Carlson M, Lapidus J, Heintzman J, Bailey S, DeVoe J. Insurance
continuity and human papillomavirus vaccine uptake in Oregon and California
federally qualified health centers. Am J Public Health 2014;104(9):71–80.
https://doi.org/10.2105/AJPH.2014.302007.

[30] St Sauver J, Finney Rutten L, Ebbert J, Jacobson D, McGree M, Jacobson R.
Younger age at initiation of the Human Papillomavirus (HPV) vaccination
series is associated with higher rates of on-time completion. Prev Med
(Baltim). 2016;89:327–33. https://doi.org/10.1016/j.ypmed.2016.02.039.
Younger.

[31] Hirth J, Tan A, Wilkinson GS, Berenson AB. Completion of the Human
Papillomavirus (HPV) Vaccine Series among Insured Females, 2006–2009.
Cancer 2012;118(22):5623–9. https://doi.org/10.1016/j.pmrj.2014.02.014.
Lumbar.

[32] Radisic G, Chapman J, Flight I, Wilson C. Factors associated with parents’
attitudes to the HPV vaccination of their adolescent sons: A systematic review.
Prev Med (Baltim). 2017;95:26–37. https://doi.org/10.1016/j.
ypmed.2016.11.019.

[33] Kessels SJM, Marshall HS, Watson M, Braunack-Mayer AJ, Reuzel R, Tooher RL.
Factors associated with HPV vaccine uptake in teenage girls: a systematic
review. Vaccine 2012;30(24):3546–56. https://doi.org/10.1016/
j.vaccine.2012.03.063.

[34] Bednarczyk RA, Davis R, Ault K, Orenstein W, Omer SB. Sexual Activity-Related
Outcomes After Human Papillomavirus Vaccination of 11- to 12-Year-Olds.
Pediatrics 2012;130(5):798–805. https://doi.org/10.1542/peds.2012-1516.

[35] Smith LM, Kaufman JS, Strumpf EC, Lévesque LE. Effect of human
papillomavirus (HPV) vaccination on clinical indicators of sexual behaviour
among adolescent girls: The Ontario Grade 8 HPV Vaccine Cohort Study. CMAJ
2015;187(2):E74–81. https://doi.org/10.1503/cmaj.140900.

[36] Marchand E, Glenn BA, Bastani RHPV. Vaccination and Sexual Behavior in a
Community College Sample. J Community Heal 2013;38(6). https://doi.org/
10.1038/jid.2014.371.

[37] Chou B, Krill LS, Horton BB, Barat CE, Trimble CL. Disparities in human
papillomavirus vaccine completion among vaccine initiators. OBS Gynecol
2011;118(1):14–20. https://doi.org/10.1097/AOG.0b013e318220ebf3.
Disparities.

[38] Laz Tabassum H, Rahman Mahbubur, Berenson AB. Human papillomavirus
vaccine uptake among 18–26 year old women in the United States: the
national health interview survey 2010. Cancer. 2013;119(7):1386–92. https://
doi.org/10.1002/cncr.27894.

[39] Johnson KL, Lin MY, Cabral H, Kazis LE, Katz IT. Variation in human
papillomavirus vaccine uptake and acceptability between female and male
adolescents and their caregivers. J Community Health 2017;42(3):522–32.
https://doi.org/10.1007/s10900-016-0284-5.

[40] Henry KA, Stroup AM, Warner EL, Kepka D. Geographic factors and human
papillomavirus (HPV) vaccination initiation among adolescent girls in the
United States. Cancer Epidemiol Biomarkers Prev 2016;25(2):309–17. https://
doi.org/10.1158/1055-9965.EPI-15-0658.

[41] Isenor JE, Edwards NT, Alia TA, et al. Impact of pharmacists as immunizers on
vaccination rates: a systematic review and meta-analysis. Vaccine 2016;34
(47):5708–23. https://doi.org/10.1016/j.vaccine.2016.08.085.

[42] Baroy J, Chung D, Frisch R, Apgar D, Slack MK. The impact of pharmacist
immunization programs on adult immunization rates: a systematic review
and meta-analysis. J Am Pharm Assoc 2016;56(4):418–26. https://doi.org/
10.1016/j.japh.2016.03.006.

[43] Walling EB, Benzoni N, Dornfeld J, et al. Interventions to improve HPV vaccine
uptake: a systematic review. Pediatrics 2016;138(1):e20153863. https://doi.
org/10.1542/peds.2015-3863.

https://doi.org/10.1001/jama.2016.17615
https://doi.org/10.1001/jama.2016.17615
https://www.cdc.gov/vaccines/acip/recs/grade/%250Ahpv-2-dose.html
https://www.cdc.gov/vaccines/acip/recs/grade/%250Ahpv-2-dose.html
https://doi.org/10.15585/mmwr.mm6549a5
https://www.cancer.org/cancer/cancer-causes/infectious-agents/hpv/hpv-vaccines.html
https://www.cancer.org/cancer/cancer-causes/infectious-agents/hpv/hpv-vaccines.html
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2018-10/HPV-03-Markowitz-508.pdf
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2018-10/HPV-03-Markowitz-508.pdf
https://doi.org/10.1542/peds.2010-0812
https://doi.org/10.1542/peds.2010-0812
https://doi.org/10.1016/j.pvr.2015.10.001
https://doi.org/10.4161/hv.29633
https://doi.org/10.4161/hv.29633
https://doi.org/10.1016/j.vaccine.2017.01.007
https://doi.org/10.1016/j.vaccine.2017.01.007
https://doi.org/10.1016/j.jadohealth.2012.09.009
https://doi.org/10.1016/j.jadohealth.2012.09.009
https://doi.org/10.1007/s10995-015-1831-x
https://doi.org/10.1007/s10995-015-1831-x
https://doi.org/10.4065/84.10.864
https://www.census.gov/quickfacts/ms
https://www.census.gov/quickfacts/ms
https://medicaid.ms.gov/wp-content/uploads/2017/02/2017-Enrollment-Reports.pdf
https://medicaid.ms.gov/wp-content/uploads/2017/02/2017-Enrollment-Reports.pdf
https://www.cdc.gov/cancer/hpv/statistics/state/index.htm
https://doi.org/10.1016/j.vaccine.2019.02.074
https://www.cdc.gov/vaccines/programs/vfc/index.html
http://refhub.elsevier.com/S0264-410X(19)31672-X/h0125
http://refhub.elsevier.com/S0264-410X(19)31672-X/h0125
http://refhub.elsevier.com/S0264-410X(19)31672-X/h0125
https://doi.org/10.1016/j.jadohealth.2010.09.015
https://doi.org/10.1016/j.jadohealth.2010.09.015
https://doi.org/10.4065/84.10.864
https://doi.org/10.2105/AJPH.2018.304408
https://doi.org/10.2105/AJPH.2018.304408
https://doi.org/10.2105/AJPH.2014.302007
https://doi.org/10.1016/j.ypmed.2016.02.039.Younger
https://doi.org/10.1016/j.ypmed.2016.02.039.Younger
https://doi.org/10.1016/j.pmrj.2014.02.014.Lumbar
https://doi.org/10.1016/j.pmrj.2014.02.014.Lumbar
https://doi.org/10.1016/j.ypmed.2016.11.019
https://doi.org/10.1016/j.ypmed.2016.11.019
https://doi.org/10.1016/j.vaccine.2012.03.063
https://doi.org/10.1016/j.vaccine.2012.03.063
https://doi.org/10.1542/peds.2012-1516
https://doi.org/10.1503/cmaj.140900
https://doi.org/10.1038/jid.2014.371
https://doi.org/10.1038/jid.2014.371
https://doi.org/10.1097/AOG.0b013e318220ebf3.Disparities
https://doi.org/10.1097/AOG.0b013e318220ebf3.Disparities
https://doi.org/10.1002/cncr.27894
https://doi.org/10.1002/cncr.27894
https://doi.org/10.1007/s10900-016-0284-5
https://doi.org/10.1158/1055-9965.EPI-15-0658
https://doi.org/10.1158/1055-9965.EPI-15-0658
https://doi.org/10.1016/j.vaccine.2016.08.085
https://doi.org/10.1016/j.japh.2016.03.006
https://doi.org/10.1016/j.japh.2016.03.006
https://doi.org/10.1542/peds.2015-3863
https://doi.org/10.1542/peds.2015-3863

	Factors influencing Human papillomavirus (HPV) vaccination series completion in Mississippi Medicaid
	1 Introduction
	2 Methods
	2.1 Study design and sample
	2.2 Study variables
	2.3 Statistical analysis

	3 Results
	3.1 Sample characteristics
	3.2 Factors associated with HPV vaccine series completion

	4 Discussion
	4.1 Limitations
	4.2 Conclusion

	Funding source
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgement
	References


