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Background: Studies have shown that adolescent vaccination rates with human papillomavirus (HPV)
and quadrivalent meningococcal conjugate (MenACWY) vaccines are lower in rural areas of the U.S. than
in urban areas. We sought to determine factors associated with vaccine acceptance in these two settings.
Methods: We conducted a cross-sectional survey of 536 parents or guardians of teens age 13 through
15 years in select rural and urban counties of Minnesota and Wisconsin. We collected information on
demographic variables, receipt of adolescent vaccines, and attitudes toward HPV vaccine in particular.
Multivariable logistic regression models were used to assess associations between covariates and out-
comes of interest (HPV vaccine receipt and MenACWY receipt).
Results: Of the 536 respondents, 267 (50%) resided in a rural county. Most respondents were female (78%)
and non-Hispanic White (88%). About half (52%) of teens of the surveyed parents received the three vac-
cines recommended specifically for adolescents: 90% received tetanus-diphtheria-acellular pertussis
(Tdap), 84% received MenACWY, and 60% received one or more doses of HPV vaccine. Rural and urban
parents surveyed differed on several covariates relating to teen’s health services, parent’s demographics,
and household characteristics. Parent’s perception of the importance that their healthcare providers
placed on vaccination with HPV and MenACWY were independently associated with receipt of each of
those vaccines (odds ratio [OR] 6.37, 95% confidence interval [CI] 2.90–13.96 and OR 2.15, 95% CI
1.07–4.31, respectively). Parents of vaccinated teens were less likely to report concerns about potential
harm from the HPV vaccine or having heard stories about health problems caused by the HPV vaccine.
Conclusion: Teen receipt of HPV vaccine and MenACWY appears to be influenced by parents’ perception
of vaccine importance, provider recommendations, and concerns regarding potential harm from the HPV
vaccine. Continued education of providers and parents of the importance of adolescent vaccinations is
warranted.
� 2022 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In the United States, the primary vaccines recommended in
adolescence are tetanus-diphtheria-acellular pertussis (Tdap),
human papillomavirus (HPV), quadrivalent meningococcal conju-
gate (MenACWY), and influenza. Overall, adolescent vaccination
rates have increased recently, but for some vaccines such as HPV
and MenACWY, national rates among rural adolescents have
lagged behind their urban counterparts [1]. Rates for Tdap are sim-
ilar in rural and urban areas, likely a result of school entry require-
ments for Tdap vaccination in all states [2]. Comparative data on
vaccination for influenza among adolescents in those two settings
are not available.
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Nationally, coverage among adolescents aged 13–17 years with
one or more doses of HPV vaccine was 75% in 2020, and the per-
centage of adolescents who completed the HPV vaccination series
was 59%. In contrast, adolescent coverage with one or more doses
of MenACWY was 89% in 2020, but only 54% of 17-year-olds
received their recommended booster dose. Coverage with one or
more doses of Tdap was high at 90% [1]. The percentage of adoles-
cents age 13 through 17 years who received an influenza vaccine
during the 2020–2021 season was 51% [3]. With the new Healthy
People 2030 objectives to increase the percentage of adolescents
who receive recommended doses of HPV vaccine (target 80%)
and influenza vaccines (target 70% each season) by 2030, large gaps
remain for these vaccines [4]. Additionally, the vaccines with the
greatest disparity in coverage between rural and urban adolescents
are HPV (68% vs 78%) and MenACWY (86% vs 90%) [1]. In Min-
nesota and Wisconsin, the rural–urban disparity in coverage with
one or more doses of HPV vaccine is among the highest in the U.
S., with an average of 13 to 15 percentage points lower coverage
among adolescents living in rural areas than those in urban cities
during 2016 through 2019 [5]. Similarly, MenACWY coverage in
Wisconsin adolescents was on average 15 percentage points lower
among rural vs urban adolescents, also among the largest dispari-
ties in MenACWY coverage in the U.S. [5]. Of note, MenACWY vac-
cination has been required for students entering grade 7 since the
2014–2015 school year in Minnesota [6], whereas Wisconsin does
not have a MenACWY vaccination requirement for school entry.
There is no HPV vaccination requirement for school entry in either
state. A previous parent survey in rural and urban areas of North
Carolina found that while many of the same parental beliefs were
important correlates of HPV vaccine initiation regardless of racial
group or urban/rural status, a few differences did exist [7]. We con-
ducted a survey of parents to assess factors associated with—and
potential barriers to—adolescent HPV and MenACWY vaccination
to better understand determinants of rural–urban differences.
2. Methods

2.1. Design and setting

A cross-sectional survey of parents or guardians of adolescents
aged 13 through 15 years in rural and urban counties in Minnesota
and Wisconsin was conducted in 2019 by the Minnesota Depart-
ment of Health (MDH) and the Marshfield Clinic Research Institute
(MCRI), respectively. Rurality was based on Urban Influence Codes
(UIC) [8]. Rural counties included small urban towns and non-
metropolitan areas not adjacent to a metro area and had UIC of 6
through 12 (n = 42 in Minnesota, n = 30 inWisconsin). Urban coun-
ties were large metro areas with more than one million residents
and had UIC of 1 (n = 6 in Minnesota, n = 4 in Wisconsin). Small
metro areas and those adjacent to a metro area (UIC of 2 through
5) were excluded to ensure representative regional samples with
a clear dichotomy between urban and rural populations) (Fig. 1).
As described further below, recruitment differed slightly between
states, but the survey instrument used was the same for both
states unless otherwise noted. Since most respondents reported
being a parent of the adolescent surveyed, respondents are referred
to as parents in this report.

2.2. Participants

2.2.1. Minnesota
MDH maintains a state immunization information system (IIS),

the Minnesota Immunization Information Connection (MIIC,

https://www.health.state.mn.us/miic), which contains records of
vaccinations as well as demographic information. MIIC was used
2

to identify adolescents aged 13 through 15 years that resided in
eligible Minnesota counties as of the sampling date. Stratified ran-
dom sampling by residency (rural vs urban) and HPV vaccination
status (�1 doses vs 0 doses) was used to create a list for the mailed
survey invitation; invitations were addressed to the parent of the
identified adolescent.

2.2.2. Wisconsin
Sampling from Wisconsin’s IIS, Wisconsin Immunization Regis-

try (WIR, https://www.dhs.wisconsin.gov/immunization/wir.htm),
was not feasible for Wisconsin residents due to restrictions on
access to data for research. MCRI obtained a list of 6000 households
that were believed to have an adolescent aged 13 through 15 years
in the eligible Wisconsin counties from a vendor that performs
market research and sampling (Marketing Systems Group, Hor-
sham, Pennsylvania). The list was stratified by residency (rural vs
urban). Mailed invitations were addressed to the name associated
with the phone number.

2.3. Recruitment and survey procedures

Surveys were administered using REDCap electronic data cap-
ture tools [9,10]; separate surveys were created and hosted at
MDH and MCRI for the corresponding state. Potentially eligible
parents were initially invited by mail; the letter included a link
to complete the survey online (Supplemental Material). Nonre-
spondents received a mailed reminder and up to six phone calls
from study staff. Most parents reached by phone completed the
survey with study staff; some completed the survey online after
the call. Parents received a $10 gift card after survey completion.
This study was approved by the MCRI Institutional Review Board
(IRB). MDH’s and the Centers for Disease Control and Prevention
(CDC)’s involvement in the study was determined by their respec-
tive IRBs as not human subjects research and IRB approval at their
institutions was not required.

2.4. Sample size

The sample size calculation was based on the mean difference
in the harms sub-factor score from the Carolina HPV Immunization
Attitudes and Beliefs Scale (CHIAS) between groups [11]. Our pre-
vious research of Wisconsin parents found that baseline CHIAS-
harms score was the strongest attitudinal predictor of HPV vaccine
series completion and receipt of the next scheduled HPV vaccine
dose [12]. Assuming 80 percent power, alpha of 0.05, and a two-
sided t-test, 512 participants across 8 strata (state, residency,
HPV vaccination status) would be needed to detect a 0.3-point dif-
ference on the CHIAS-Harms score between two groups.

2.5. Eligibility

Parents confirmed county of residence and that they were the
parent or legal guardian of the identified adolescent (Minnesota)
or an adolescent aged 13 through 15 years (Wisconsin). If an eligi-
ble parent from Wisconsin had more than one adolescent in the
age range, they were instructed to complete the survey regarding
their youngest adolescent.

2.6. Survey content

2.6.1. Teen, parent, and household information
We collected information on teen and respondent demograph-

ics such as sex, age, race/ethnicity, health insurance status, educa-
tion or school attendance, household size, income, and religious
service attendance. Information on general vaccination services

https://www.health.state.mn.us/miic
https://www.dhs.wisconsin.gov/immunization/wir.htm


Fig. 1. Rural and urban counties in Minnesota and Wisconsin targeted for survey, 2019.
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such as where the teen usually receives vaccinations, usual travel
time to get vaccinations, and whether or not the teen had a preven-
tive visit at age 11 or 12 years was also ascertained.

2.6.2. Vaccine receipt, discussion, recommendations, and reminders
Vaccine information included parent report of teen’s receipt of

recommended adolescent vaccines (Tdap, MenACWY, HPV, and
influenza), parent discussion with providers regarding these vacci-
nes, receipt of vaccine recommendations, and receipt of vaccine
reminders. Parents who reported discussing vaccinations with pro-
viders were asked to rate how important it was to their teen’s pro-
vider that their teen received each vaccine (very, somewhat, or not
important). Parents were also asked how important they thought it
was for their teen to be vaccinated with each vaccine. Parents
reported whether they received recommendations for or against
HPV vaccination for their teen and by whom, and whether they
heard stories about health benefits of or health problems caused
by the HPV vaccine. Provider discussion and perceived provider
importance of each vaccine were combined for analysis (discussed,
very important; discussed, somewhat or not important; not dis-
cussed; don’t know).

2.6.3. General and HPV vaccine attitudes
Attitudes regarding vaccine benefits, HPV vaccine harms, and

HPV vaccine effectiveness were assessed with a series of state-
ments. We used the 4-item benefits factor of the Vaccine Confi-
dence Scale, to assess parents’ beliefs about vaccination in
general [13]. The 4-item benefits factor scale was comparable to
3

the full 8-item scale [13]. Due to space restrictions, only select
statements from the CHIAS were included from the harms and
effectiveness (modified) factors [11]. In Wisconsin, HPV vaccine
effectiveness was assessed with one statement about prevention
of cancers related to HPV without specifying sex. In Minnesota,
two separate statements were included, one to assess prevention
of cancer related to HPV among girls and one to assess prevention
of cancer related to HPV among boys because of the interest in
responses to gender differences in their state. Each item had a 5-
point Likert-scale response, and responses were scored so that
higher scores represented more positive attitudes about vaccina-
tion. The response scales were labeled ‘‘strongly agree,” ‘‘agree,”
‘‘neither agree or disagree,” ‘‘disagree,” and ‘‘strongly disagree”
and were assigned values of 10, 7.5, 5, 2.5, and 0, respectively for
all statements except the statements corresponding to HPV vaccine
harms, which were assigned values in the reverse order. Items with
missing or ‘‘don’t know or prefer not to answer” responses were
imputed with sample mean values [11]. Mean scores were gener-
ated for each statement and for the series of statements represent-
ing vaccine benefits, HPV vaccine harms, and HPV vaccine
effectiveness (Fig. 2). Mean scores were estimated using regression
models, responses to individual items were summarized
descriptively.

2.7. Vaccination status

Vaccination status was based on IIS records when available or
by parent report. Vaccination records, including dates of Tdap,



Fig. 2. Reported parent perceptions of vaccine benefits, HPV vaccine effectiveness, and HPV vaccine harms, and mean score in Minnesota and Wisconsin, 2019.
Abbreviation: %, percentage; HPV, human papillomavirus. aPercentage of parents who strongly agree or agree with the statement. bP value comparing percent who strongly
agree or agree with the statement by residency. cHigher mean scores indicate more positive attitudes about vaccination. dP value comparing mean scores by residency.
eAmong parents of teens living in Wisconsin. fAmong parents of teens living in Minnesota.
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MenACWY, HPV, and influenza vaccination, were available and
extracted from MIIC for adolescents in Minnesota. In Wisconsin,
vaccination records from WIR were only available for teens whose
parents consented to linkage of survey data to their teen’s WIR
record. Consent was indicated if parents responded ‘‘yes” to the
statement: ‘‘I agree to allow the Wisconsin Immunization Registry
to release my adolescent’s vaccination record, including vaccine
types and dates, to the Marshfield Clinic Research Institute for
use in this research study” and provided their adolescent child’s
name and birth date to allow linkage to the WIR record. WIR
records were used if consent was provided and parent report was
used for those who did not consent to linkage. Influenza vaccina-
tion was assessed as of July 1, 2018.

2.8. Statistical analyses

T-tests and chi-square or Fisher’s exact tests were used to com-
pare across groups as appropriate. Multivariable logistic regression
models were used to assess associations between covariates and
outcomes of interest (HPV vaccine receipt and MenACWY receipt).
4

Covariates used in sampling, state, rural residence, and HPV vacci-
nation status, were included a priori in multivariable models
except those with vaccination status as the outcome. Covariates
with a P value < 0.1 in models that included state, rural residence,
and HPV vaccination status (when not the outcome) were included
in the initial model to assess associations. Backward elimination
with a cutoff of P = 0.05 was conducted to determine inclusion in
the final reduced model. Analyses were conducted using SAS Ver-
sion 9.4 (Cary, NC).
3. Results

Invitation letters were sent to 8296 parents (2314 in Minnesota
and 5982 in Wisconsin); 538 parents completed the survey, of
which 536 (99.6%, 271 from Minnesota, 265 from Wisconsin) were
included in analyses. The two exclusions were due to discordance
between their reported address (urban/rural residency or county)
and address used for sampling. In Minnesota, response rates were
similar among rural and urban parents of teens (12%) but higher
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among parents of teens who received HPV vaccine than teens who
had not received HPV vaccine (15% vs 10%). Comparison of respon-
dents and nonrespondents was not possible for Wisconsin because
demographic information was not available on the sampled popu-
lation. By design, the number of rural and urban parents in each
state and the number of teens who had and had not received
HPV vaccine in Minnesota were approximately equal.

3.1. Parent and teen characteristics

Compared with urban parents, rural parents were younger
(<40 years old) (22% vs 10%, P = 0.0003), more likely to be non-
Hispanic White (92% vs 83%, P = 0.001), and less likely to have an
advanced degree (18% vs 33%, P = 0.0002). Rural households tended
to have larger families (�4 children) (20% vs 6%, P < 0.0001) and
lower annual household income (<$75,000) (40% vs 22%,
P < 0.0001) than urban households.

Rural and urban teens of the surveyed parents also differed by
race/ethnicity, insurance status, school type and general health
services (Table 1). Rural teens were more likely to be non-
Hispanic White (89% vs 79%, P = 0.0006) and have public health
insurance (24% vs 16%, P = 0.02) and less likely to attend private
school (5% vs 13%, P = 0.003) than their urban counterparts. More
than 94% of teens received vaccinations at a physician’s office or
clinic and had a well-child visit at age 11 or 12 years, though rural
teens were less likely than urban teens to receive vaccinations at a
doctor’s office or clinic (93% vs 97%, P = 0.02) and have a well-child
visit at age 11 or 12 years (91% vs 97%, P = 0.003). In addition, rural
teens had longer average travel time (�30 min) to their primary
vaccination location than urban teens (20% vs 2%, P < 0.0001).

3.2. Vaccine receipt, discussion, recommendations, and reminders

Overall, 52% of teens received at least one dose of the three vac-
cines recommended specifically for adolescents (34% received all
recommended vaccines and influenza vaccine). By vaccine, 90%
received Tdap, 84% received MenACWY, 60% received one or more
doses of HPV vaccine, and 47% received influenza vaccine in the
previous season. Among 429 teens with linked vaccination records,
agreement between parent report and IIS records was 90% for Tdap
and HPV vaccine, 83% for influenza vaccine, and 71% for MenACWY.
Agreement was similar across states for each vaccine, except influ-
enza (78% for Minnesota teens vs 91% for Wisconsin teens,
P = 0.001). Among teens who received at least one adolescent vac-
cine and had an IIS record, there was no difference in same day
receipt between rural and urban teens: 31% received Tdap, HPV,
and MenACWY on the same day, 56% received two adolescent vac-
cines on the same day, 10% received all vaccinations on different
days, and 4% received only one vaccine. However, among teens
who received Tdap, HPV, and MenACWY, more rural teens received
the three vaccines on the same day than urban teens (62% vs 44%,
P = 0.02). Parent-reported teen vaccination coverage was lower and
parents’ vaccine attitudes were less favorable among Wisconsin
participants who did not consent to link IIS records to the survey
than among participants who provided consent (Supplemental
Table).

Discussion about adolescent vaccines with a doctor or nurse and
vaccination being ‘‘very important” for their teen according to their
provider was reported by 52% of parents for influenza vaccine, 50%
for Tdap and HPV vaccine, and 43% for MenACWY. Significantly
more rural parents reported no discussion or recommendation from
their provider about giving their teen the influenza vaccine (16% vs
7%, P = 0.01) than urban parents (Table 2). Although not significant,
fewer rural parents reported discussion with their provider and
HPV vaccination as being ‘‘very important” for their teen according
to their provider (45% vs 54%, P = 0.08). Among parents, the percent-
5

age who thought it was ‘‘very important” for their teen to be vacci-
nated for each vaccine varied by vaccine type, but not residency.
Vaccination of their teen was considered ‘‘very important” by 79%
of parents with Tdap, 73% with MenACWY, 54% with HPV vaccine,
and 39% with influenza vaccine.

With regard to HPV vaccine, 89% of parents reported receipt of a
recommendation for HPV vaccine for their teen by a healthcare pro-
vider or nurse, 16% by family members or friends, and 6% by com-
munity members such as religious leaders, school teachers, or
school health staff. Receipt of a recommendation against HPV vac-
cination for their teen was reported by 28% of parents. More than
half (57%) of parents reported hearing stories about the health ben-
efits of the HPV vaccine and 42% heard stories about health prob-
lems caused by the HPV vaccine. There were no differences in
frequency of recommendations or hearing HPV stories by residency.

Receipt of and preferred method for vaccine reminders did vary
by residency. Significantly more rural than urban parents received
a vaccine reminder that their teen was due or overdue for a vacci-
nation since their teen’s 11th birthday (47% vs 36%, P = 0.007)
(Table 1). Half (50%) of rural parents preferred to receive vaccine
reminders via mail compared to 27% of urban parents. Rural par-
ents were less likely to prefer email (16% vs 30%) and text (12%
vs 17%) reminders for vaccinations than urban parents. Fourteen
percent of all parents preferred no vaccine reminders.

3.3. Vaccine attitudes and beliefs

In general, urban and rural parents responded similarly to items
on individual statements of vaccine benefits, HPV vaccine effec-
tiveness, and HPV vaccine harms (Fig. 2). However, rural parents
were less likely to strongly agree or agree to the statement ‘‘vacci-
nes are safe” (83% vs 89%, P = 0.04). The HPV vaccine harms factor
had the lowest mean score (least favorable toward vaccination)
among the factors assessed and differed by residency. Mean HPV
vaccine harms score was significantly lower among rural parents
than urban parents (mean, (standard deviation (SD)): 5.49 (2.32)
vs 6.05 (2.35), P = 0.006).

3.4. Factors associated with HPV vaccine receipt and MenACWY
receipt

In multivariable model adjusted for state and residency, parents
of teens who received HPV vaccine were more likely to report teen
receipt of other recommended adolescent vaccinations (Tdap,
MenACWY, and influenza), always getting a vaccine a provider rec-
ommends, the parent’s perception of HPV vaccination as very
important, more positive attitudes regarding HPV vaccine effec-
tiveness, and discussion of HPV vaccination with providers and
perceived importance of HPV vaccination by providers as very
important (Table 3). Parents who reported having heard stories
about health problems caused by the HPV vaccine and parent’s
perception of Tdap vaccination as very important were less likely
to have HPV-vaccinated teens.

In multivariable model for MenACWY, adjusted for state, resi-
dency, and HPV vaccine receipt, teen receipt of Tdap, parent’s per-
ception of MenACWY vaccination as very important, discussion of
MenACWY vaccination with providers and perceived importance
of MenACWY vaccination by providers as very important, and
reporting a well-child visit at age 11–12 years were positively
associated with teen receipt of MenACWY (Table 4).
4. Discussion

We conducted a cross-sectional survey exploring attitudes
regarding adolescent vaccination among rural and urban parents



Table 1
Characteristics of surveyed parents and their teens, and factors by rural residency, Minnesota and Wisconsin, 2019.

All Rural Urban Pa

Total 536 267 269
State 0.9
Minnesota 271 (51) 134 (50) 137 (11)
Wisconsin 265 (49) 133 (50) 132 (49)
Parent characteristics
Parent ageb 0.0003
<40 years 86 (16) 59 (22) 27 (10)
40–49 years 303 (58) 147 (56) 156 (59)
�50 years 138 (26) 57 (22) 81 (31)
Parent sex 0.4
Male 120 (22) 56 (21) 64 (24)
Female 416 (78) 211 (79) 205 (76)
Parent race/ethnicityb 0.001
Non-Hispanic White 462 (88) 242 (92) 220 (83)
Other 65 (12) 20 (8) 45 (17)
Parent educationb 0.0002
High school or less 63 (12) 38 (14) 25 (9)
Some college/Associate or technical degree/ Bachelor degree 334 (63) 179 (68) 155 (58)
Graduate or advanced degree 135 (25) 47 (18) 88 (33)
Parent religious service attendance 0.2
Never 129 (24) 56 (21) 73 (27)
�1 time per month 354 (66) 186 (70) 168 (62)
Missing 53 (10) 25 (9) 28 (10)
Household characteristics
Number of children in householdb <0.0001
1 142 (27) 66 (25) 76 (28)
2–3 324 (61) 148 (56) 176 (66)
�4 68 (13) 52 (20) 16 (6)
Household income <0.0001
<$75,000 166 (31) 108 (40) 58 (22)
�$75,000 305 (57) 131 (49) 174 (65)
Missing 65 (12) 28 (10) 37 (14)
Teen characteristics
Agec 0.9
13 years 137 (26) 65 (24) 72 (27)
14 years 189 (35) 95 (36) 94 (35)
15 years 174 (32) 88 (33) 86 (32)
16 years 36 (7) 19 (7) 17 (6)
Sexb 0.1
Male 265 (50) 123 (46) 142 (53)
Female 270 (50) 143 (54) 127 (47)
Race/Ethnicityb 0.0006
Non-Hispanic White 446 (84) 237 (89) 209 (79)
Other 85 (16) 28 (11) 57 (21)
Public health insuranced 0.02
Yes 106 (20) 64 (24) 42 (16)
No 430 (80) 203 (76) 227 (84)
School typeb 0.003
Public 465 (87) 237 (89) 228 (85)
Private 48 (9) 14 (5) 34 (13)
Home school/Online 20 (4) 14 (5) 6 (2)
Well-child visit at age 11 or 12 years 0.003
Yes 506 (94) 244 (91) 262 (97)
No 30 (6) 23 (9) 7 (3)
Primary vaccination location 0.02
Doctor’s office or clinic 508 (95) 247 (93) 261 (97)
Other location or teen does not get vaccinations 28 (5) 20 (7) 8 (3)
Average travel time to primary vaccination locationb <0.0001
<15 min 329 (62) 141 (53) 188 (71)
15–29 min 143 (27) 71 (27) 72 (27)
�30 min 60 (11) 54 (20) 6 (2)
Teen always gets a vaccine a doctor or nurse recommends 0.08
Yes 247 (46) 113 (42) 134 (50)
No 289 (54) 154 (58) 135 (50)
Received vaccine reminder since 11th birthday 0.007
Yes 222 (41) 126 (47) 96 (36)
No 314 (59) 141 (53) 173 (64)
Vaccination statuse

Received influenza (since July 1, 2018) 254 (47) 121 (45) 133 (49) 0.3
Received all recommended adolescent vaccines (�1 HPV, MenACWY, and Tdap) 280 (52) 134 (50) 146 (54) 0.3
Received HPVf 324 (60) 156 (58) 168 (62) 0.3
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Table 3
Factors associated with receipt of HPV vaccine among teens in Minnesota and
Wisconsin, 2019.

Characteristic HPV vaccine receipt ORa (95% CI)

Yes
n (row %)

No
n (row %)

Received influenza vaccine
(since July 1, 2018)

Yes 206 (81) 48 (19) 2.58 (1.52, 4.37)
No 118 (42) 164 (58) Referent
Received MenACWY
Yes 299 (66) 151 (34) 3.80 (1.74, 8.29)
No 25 (29) 61 (71) Referent
Received Tdap
Yes 303 (63) 181 (37) 2.74 (1.08, 6.97)
No 21 (40) 31 (60) Referent
Frequency of teen receipt of a vaccine a provider recommended
Always 208 (84) 39 (16) 2.93 (1.65, 5.20)
Usually or sometimes/rarely

or never
116 (40) 173 (60) Referent

Discussions with provider and parents’ perception of importance of HPV
vaccination given by providers

Discussed, very important 216 (81) 50 (19) 6.37 (2.90, 13.96)
Discussed, somewhat or not

important
83 (44) 107 (56) 2.60 (1.20, 5.63)

Not discussed/Don’t know 25 (31) 55 (69) Referent
Importance of HPV vaccination placed by parents
Very important 243 (85) 44 (15) 10.69 (4.77,

23.97)
Somewhat important 65 (55) 53 (45) 5.62 (2.65, 11.95)
Not important/Don’t know 16 (12) 115 (88) Referent
Importance of Tdap vaccination placed by parents
Very important 271 (64) 150 (36) 0.23 (0.08, 0.65)
Somewhat important 35 (47) 40 (53) 0.32 (0.10, 1.07)
Not important/Don’t know 18 (45) 22 (55) Referent
Parent heard stories, in the media or in conversations with other people, about

health problems caused by the HPV vaccine
Yes 112 (50) 114 (50) 0.56 (0.33, 0.97)
No 212 (68) 98 (32) Referent
Mean HPV vaccine

effectiveness score (±SD)b
8.7 (1.5) 6.6 (2.5) 1.20 (1.02, 1.42)

Percentages may not equal 100% due to rounding.
Abbreviations: n, number; %, percentage, OR, odds ratio; CI, confidence interval;
MenACWY, quadrivalent meningococcal conjugate vaccine; Tdap, tetanus-diph-
theria-acellular pertussis vaccine; HPV, human papillomavirus; SD, standard
deviation.

a Odds ratio of vaccine receipt from multivariable model adjusted for state and
residency; odds ratios for sampling variables are not shown.

b Higher mean scores indicate more positive attitudes about vaccination.

Table 2
Parent experience regarding discussions with providers and parents’ perception of the
importance of vaccinating teens given by providers and importance of vaccinating
teens placed by rural and urban parents, Minnesota and Wisconsin, 2019.

Rural, n
(%)

Urban, n
(%)

Pa

Discussions with provider and parents’ perception of importance of
vaccination given by providers

Influenza vaccination 0.01
Discussed, very important 134 (50) 144 (54)
Discussed, somewhat or not important 91 (34) 105 (39)
Not discussed/not recommended 42 (16) 20 (7)
HPV vaccination 0.08
Discussed, very important 120 (45) 146 (54)
Discussed, somewhat or not important 101 (38) 89 (33)
Not discussed/not recommended 46 (17) 34 (13)
MenACWY vaccination 0.4
Discussed, very important 124 (46) 109 (41)
Discussed, somewhat or not important 52 (19) 60 (22)
Not discussed/not recommended 91 (34) 100 (37)
Tdap vaccination 0.5
Discussed, very important 139 (52) 129 (48)
Discussed, somewhat or not important 61 (23) 73 (27)
Not discussed/not recommended 67 (25) 67 (25)
Importance of vaccination placed by

parents
Influenza vaccination 0.6
Very important 100 (37) 107 (40)
Somewhat or not important 95 (36) 100 (37)
Not important/don’t know 72 (27) 62 (23)
HPV vaccination 0.2
Very important 135 (51) 152 (57)
Somewhat or not important 58 (22) 60 (22)
Not important/don’t know 74 (28) 57 (21)
MenACWY vaccination 0.7
Very important 189 (71) 198 (74)
Somewhat or not important 54 (20) 47 (17)
Not important/don’t know 24 (9) 24 (9)
Tdap vaccination 0.6
Very important 205 (77) 216 (80)
Somewhat or not important 40 (15) 35 (13)
Not important/don’t know 22 (8) 18 (7)

Percentages may not equal 100% due to rounding.
Abbreviations: n, number; %, percentage.

a From chi-square test, p < 0.05 are bolded, indicating statistical significance.

Table 1 (continued)

All Rural Urban Pa

Received MenACWY 450 (84) 232 (87) 218 (81) 0.07
Received Tdap 484 (90) 245 (92) 239 (89) 0.3

Data are no. (%) of respondents. Percentages may not equal 100% due to rounding.
Abbreviations: MenACWY, quadrivalent meningococcal conjugate vaccine; Tdap, tetanus-diphtheria-acellular pertussis vaccine.

a T-tests and chi-square or Fisher’s exact tests.
b Does not include missing responses.
c Age at the time of survey completion. All Minnesota teens were aged 13 to 15 years at the time of sampling but some turned 16 years between sampling and survey

completion.
d Public health insurance status at the time of survey completion.
e Vaccination status based on IIS records when available, and parent report.
f Sampling of Minnesota residents included HPV vaccination status.
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in Minnesota and Wisconsin. Parent and perceived provider atti-
tudes towards HPV and MenACWY vaccination were among the
strongest factors in teen receipt of HPV vaccine and MenACWY.

The importance placed by parents on vaccinating teens and dis-
cussions with providers and parents’ perception of the importance
given by providers for HPV vaccine and MenACWY were associated
with teen receipt of those vaccines. Receipt of a healthcare provi-
der recommendation for HPV vaccine has been previously reported
in multiple studies as a strong predictor of HPV vaccination [14–
20]. In addition, the strength of recommendations for HPV vaccine
and MenACWY were also important for teen receipt of those vac-
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cines. In a national study of adolescent parents, a high-quality rec-
ommendation was associated with 9 times the odds of HPV vaccine
initiation compared with no recommendation [19]. A high-quality
recommendation for HPV vaccination was defined as 1) a strong
recommendation, 2) one that encouraged same-day vaccination,
and 3) one that discussed cancer prevention. Training providers
to provide high-quality recommendations for HPV vaccine and



Table 4
Factors associated with receipt of MenACWY among teens in Minnesota and
Wisconsin, 2019.

Characteristic MenACWY receipt ORa (95% CI)

Yes
n (row %)

No
n (row %)

Received Tdap
Yes 428 (88) 56 (12) 8.80 (4.12, 18.80)
No 22 (42) 30 (58) Referent
Discussions with provider

and parents’ perception
of importance of
MenACWY vaccination
given by providers

Discussed, very important 212 (91) 21 (9) 2.15 (1.07, 4.31)
Discussed, somewhat or not

important
96 (86) 16 (14) 2.97 (1.37, 6.44)

Not discussed/Don’t know 142 (74) 49 (26) Referent
Importance of MenACWY

vaccination placed by
parents

Very important 350 (90) 37 (10) 2.83 (1.37, 6.44)
Somewhat important 75 (74) 26 (26) 1.06 (0.43, 2.64)
Not important/Don’t know 25 (52) 23 (48) Referent
Well-child visit at age 11 or

12 years
Yes 434 (86) 72 (14) 3.27 (1.15, 9.30)
No 16 (53) 14 (47) Referent

Percentages may not equal 100% due to rounding.
Abbreviations: n, number; %, percentage, OR, odds ratio; CI, confidence interval;
MenACWY, quadrivalent meningococcal conjugate vaccine; Tdap, tetanus-diph-
theria-acellular pertussis vaccine; HPV, human papillomavirus.

a Odds ratio of vaccine receipt from multivariable model adjusted for state, res-
idency, and HPV vaccine receipt; odds ratios for sampling variables are not shown.
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MenACWY is essential to increasing uptake of these vaccines. In
our study, only half of parents reported having a discussion about
adolescent vaccination with their provider and perceived that their
provider considered vaccination as very important for their teen.
Increasing promotion of the importance of these vaccines is central
to increasing uptake.

Education of parents that counters unfounded concerns about
long-term adverse effects of HPV vaccine might also be needed,
especially in rural settings [21]. In our study, parents of teens in
rural areas had less positive attitudes regarding HPV vaccine harms
than urban parents. Additionally, over 40% of all parents reported
having heard stories about health problems caused by the HPV
vaccine and over 20% of parents either strongly agreed or agreed
with the statement that ‘‘The HPV vaccine might cause lasting
health problems.” Parents who reported hearing about health
problems from the HPV vaccine were also more likely to have an
adolescent who had not received the HPV vaccine. Additional
research is needed to determine the best approach to counter vac-
cine misinformation and to better understand what factors con-
tribute to parents’ perceived importance—or lack of importance—
of HPV vaccination, and to understand why misinformation seems
to have a stronger impact on rural populations as compared to
urban populations.

Receipt of other vaccines routinely recommended for adoles-
cents was independently associated with receipt of both HPV vac-
cine and MenACWY. However, only 31% of vaccinated teens
received Tdap, HPV, and MenACWY vaccines on the same day in
our study, suggesting substantial missed opportunities for vaccina-
tion. Avoiding missed opportunities by bundling multiple vaccines
at a single visit, as recommended by CDC, has been shown to be an
effective strategy for promoting adolescent vaccination [22]. The
bundled approach may be particularly effective in rural areas. In
our study, almost two thirds of rural teens who received all the
adolescent vaccines received these vaccines on the same day com-
pared with less than half of urban teens.
8

Although barriers to vaccination exist for both rural and urban
adolescents [23], the specific barriers might be different. Rural par-
ticipants in our study were more likely than urban participants to
live more than 30 min from their primary place of vaccination.
They were also more likely to receive vaccines at a site other than
a physician’s office. An option for adolescent vaccination that may
be particularly appealing to rural families is to receive vaccines at
local pharmacies [24]. Many experts consider this an underutilized
tool to increase vaccination rates. A meta-analysis of 36 studies
found an increase in vaccine coverage when pharmacists were
involved in the immunization process [25]. Although the studies
were conducted in adults and focused on influenza and pneumo-
coccal vaccinations, pharmacists could play an important role in
increasing vaccinations among adolescents, particularly those liv-
ing in rural areas for series completion or booster doses. Nearly
every state allows administration of vaccines by pharmacists, but
some states require a physician to write a prescription, and some
restrict pharmacist-administered vaccines based on the patient’s
age [26].

Another potential setting for adolescent vaccination is school.
The best example of school-based vaccination programs in the U.
S. is with influenza vaccine [27]. Immunization programs for HPV
vaccine have been implemented in some countries, such as Canada,
with mixed results [28]. Many of the same barriers to vaccine
receipt in the physician’s office, particularly for HPV vaccine, also
play a role in the school setting. Despite this, a recent study of
methods to increase HPV vaccine uptake listed three interventions
as cost-effective: quality improvement visits to primary care clin-
ics, a statewide reminder and recall system, and school-based vac-
cination programs [29]. A multi-component approach involving all
key stakeholders may be needed.

Our study had some limitations. Our response rate was low,
which could have led to selection bias if those who chose to
respond are not representative of the larger population. In Wis-
consin, we were unable to utilize the IIS records for sampling
and thus were unable to compare the characteristics of respon-
dents and nonrespondents. We had to rely on self-report of most
variables, including the vaccination status of 40% of Wisconsin
participants. Those who did not consent to have their vaccina-
tion data linked had less favorable vaccine attitudes. However,
agreement between IIS records and parent report of vaccination
was high for HPV vaccine. Finally, the study was conducted in
rural and urban areas of Minnesota and Wisconsin, and the
results may not be generalizable to areas outside the upper
Midwest.
5. Conclusions

In summary, vaccine receipt in both urban and rural areas was
associated with a healthcare provider that—by parental percep-
tion—considered the vaccine to be very important. Although there
are features unique to rural populations that may be barriers to
vaccination, attitudes regarding adolescent vaccinations in this
study generally were not different between rural and urban par-
ents. Additional studies are needed to identify and understand fac-
tors contributing to the urban–rural disparities in coverage for
some adolescent vaccines, and particularly HPV vaccine. Continued
education of providers and parents of the importance of adolescent
vaccinations is warranted.
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