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Background: In the US, Meningococcal B (MenB) vaccines were first licensed in 2014. In 2015, the
Advisory Committee on Immunization Practices recommended that parents of teens talk to their provider
about receiving MenB vaccine, rather than issuing a routine recommendation. We assessed parental
awareness of MenB vaccines and willingness to vaccinate their teens with MenB vaccines compared to
MenACWY vaccines, which have been routinely recommended for many years.
Methods: We surveyed parents of teens attending high school in 2017–18 during the Minnesota State
Fair. Parents reported via iPad their knowledge of and concern about meningococcal disease and their
awareness of and willingness to vaccinate with MenB and MenACWY vaccines. We assessed the relation-
ship between meningococcal disease knowledge and concern, MenB and MenACWY vaccine awareness,
and willingness to vaccinate with MenB and MenACWY using adjusted logistic regression.
Results: Among 445 parents, the majority had not heard of the newly introduced MenB vaccines Bexsero�

(80.0%; 95% CI: 76.0–83.6) or Trumenba� (82.0%; 95% CI: 78.1–85.5) or the MenACWY vaccines
Menactra� or Menveo� (68.8%; 95% CI: 64.2–73.0). The majority were at least somewhat willing to vac-
cinate their teen with MenB vaccine (89.6%; 95% CI: 86.5, 92.3) and MenACWY vaccine (91.2%; 95% CI:
88.2, 93.7). Awareness of MenB vaccines (OR: 3.8; 95% CI: 1.2–12.2) and concern about meningococcal
disease (OR: 3.1; 95% CI: 1.5–6.3) were significantly associated with willingness to vaccinate with
MenB vaccine.
Conclusions: Awareness of MenB vaccine is lacking among parents of teens but is an important predictor
of willingness to vaccinate with the newly licensed MenB vaccines.
� 2018 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. Background

Meningococcal disease, a rare but serious acute illness caused
by the bacterium Neisseria meningitidis, is a significant public
health concern. Symptoms appear and progress rapidly and the ill-
ness results in high fatality or life-long sequelae even with proper
treatment [1,2]. N. meningitidis carriage in the mucosal membranes
of the nose and throat is common and the bacteria spread via saliva
and respiratory droplets during close contact with an infected indi-
vidual [3]. In the US, infants, teens, and young adults are at highest
risk of invasive disease [4,5]. Overall, the estimated incidence of
meningococcal disease (all serotypes) in the US in 2017 was 0.11
cases per 100,000 population [6]. Multiple serogroups of N. menin-
gitidis can cause disease.Meningococcal B (MenB) is responsible for
an estimated 50% of cases among young adults [7] and numerous
MenB outbreaks among college students have occurred over the
past several years [8,9].

Vaccination is the most effective way to prevent against
meningococcal disease. Vaccines that protect against meningococ-
cal groups A, C, W, and Y (MenACWY vaccines) have been available
in the US for several decades while vaccines designed to protect
against MenB were first licensed in the US in 2014 [10]. Currently,
the Advisory Committee on Immunization Practices (ACIP) recom-
mends routine vaccination with MenACWY polysaccharide-protein
conjugate vaccines for all adolescents, with the first dose
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administered at age 11–12 years, followed by a booster dose at
16 years (Category A; routine recommendation) [1]. The ACIP first
recommended MenB vaccines in 2015 [10–12]. Currently, the ACIP
recommends routine vaccination with MenB vaccines for those
aged 10 years or older who are at increased risk of infection
(Category A; routine recommendation) [11,12]. The ACIP notes that
‘‘Category A recommendations are made for all persons in an age-
or risk-factor-based group” [12]. For all teens and young adults
aged 16–23 years not at increased risk, the ACIP has issued a per-
missive recommendation (Category B; decision based on individual
clinical decision-making) indicating that teens may be vaccinated
with a preference for vaccination between 16 and 18 years of
age. The ACIP notes that ‘‘Category B recommendations are made
for individual clinical decision making” [12] and actively encour-
ages parents of teens and health care personnel to discuss
meningococcal vaccines and to decide how best to protect against
meningococcal disease [11,12].

In 2017, an estimated 85.1% of US teens aged 13–17 years had
received one or more doses of MenACWY vaccine [13]. Vaccination
uptake ranged from state to state with a low of 60.7% coverage in
Wyoming to a high of 95.3% in Georgia [13]. A recent 2017 survey
estimated that only 14.5% of 17 year olds in the US have received
one or more doses of MenB vaccine [14]. The Healthy People
2020 goal is to reduce the number of annual, laboratory confirmed
cases of meningococcal disease by 10% among all age groups [15].
Increasing vaccine uptake and ensuring the sustainability of high
uptake of both MenAWCY and MenB vaccines is critical to achiev-
ing this goal. While studies have been conducted in other countries
to address knowledge and attitudes about the recently developed
MenB vaccines [16–23], only one study has investigated awareness
of MenB vaccine in the US [24]. Breakwell et al. investigated uptake
in the context of an ongoing MenB outbreak and found 51% MenB
vaccine coverage among a college student population at a time
when the vaccine was not yet licensed; vaccinees were motivated
by the knowledge that meningitis is a serious disease and that vac-
cination is the best way to protect oneself [24]. Now that MenB
vaccines are licensed in the US, recommended, and more widely
available, parents of teenagers have the opportunity to have their
children vaccinated with both MenB and MenACWY vaccines to
protect against 5 disease-causing serogroups (ABCWY). While par-
ents are actively encouraged to ask their physician about MenB
vaccines, little is known about parental awareness of or attitudes
towards MenB vaccines.

We conducted a study to determine how knowledgeable par-
ents are about meningococcal vaccines and meningococcal disease,
and how willing they are to have their child vaccinated with MenB
vaccines compared to MenACWY vaccines. Specifically, we aimed
to (1) assess parental knowledge of meningococcal disease, con-
cern about meningococcal disease, and awareness of meningococ-
cal vaccines, (2) assess and compare parental willingness to
vaccinate their teens with MenB and MenACWY vaccines, and (3)
determine the relationship between parents’ awareness of
meningococcal vaccines and knowledge of and concern about
meningococcal disease and to their willingness to vaccinate their
child with both MenB and MenACWY vaccines.
2. Methods

We conducted an in-person, cross-sectional survey at the
University of Minnesota’s (UMN) Driven to Discover (D2D)
research facility during the 2017 Minnesota State Fair. In 2017,
1,997,320 people attended the 12-day event, the highest atten-
dance since the fair began in 1859 [25]. Prior to administering
the survey, we completed a small pilot study to refine the
questions.
2.1. Participant recruitment

Potential participants who approached our study booth were
invited to take the survey. Potential participants were eligible if
they had a child who would be attending high school during the
2017–18 academic year and if they read and understood English.
Potential participants who confirmed their eligibility reviewed a
consent information sheet and self-administered the electronic
questionnaire anonymously using an iPad. The study was reviewed
by the UMN Institutional Review Board.

2.2. Survey design

The survey consisted of 27–31 questions, depending upon the
skip pattern (see Supplementary Appendix Table A1 for the full
survey), asking participants about their demographic characteris-
tics, knowledge about meningococcal disease, concern about
meningococcal disease, awareness of meningococcal vaccines,
and their willingness to vaccinate their child with both MenACWY
vaccines and MenB vaccines. Throughout the survey, participants
were presented with educational information about meningococ-
cal disease, including common symptoms, severity and risk, and
about meningococcal vaccines, including the recommended ages
and schedule for administering MenACWY and MenB vaccines
(included in Supplementary Appendix Table A1). Survey responses
were collected using Research Electronic Data Capture (REDCap)
software, a secure, web-based software designed to support
research studies [26].

2.3. Data analysis

We evaluated participants’ knowledge of meningococcal dis-
ease by asking them to identify key characteristics among several
options: how the disease is transmitted, how common it is relative
to other diseases, how severe it is, what the typical symptoms are,
and which age group among the options is at highest risk. We cre-
ated a knowledge scale, assigning participants one point for each
correct answer including one point if they selected at least one typ-
ical symptom and no incorrect symptom. Participants were catego-
rized as ‘‘more knowledgeable” if they answered 3 or more
questions correctly and ‘‘less knowledgeable” if they answered 2
or fewer questions correctly.

We evaluated participants’ concern about meningococcal dis-
ease using a 4-point Likert scale. Participants were categorized as
‘‘at least somewhat concerned” if they indicated that they were
‘‘somewhat concerned,” ‘‘concerned,” or ‘‘very concerned” that
they or a loved one might get bacterial meningitis and ‘‘not con-
cerned” if they selected ‘‘not at all concerned.”

We evaluated participants’ awareness of meningococcal vacci-
nes by asking them whether they had heard, prior to the survey,
of either of the MenACWY vaccines Menactra� (Sanofi Pasteur)
or Menveo� (Novartis) and whether they had heard of either of
the MenB vaccines Trumenba� (Pfizer) or Bexsero� (GSK). Partici-
pants were categorized as aware of MenACWY vaccines if they
had heard of at least one MenACWY vaccine before the survey ver-
sus not aware of MenACWY vaccines; participants were catego-
rized as aware of MenB vaccines if they had heard of at least one
MenB vaccine before the survey versus not aware of MenB
vaccines.

To assess participants’ willingness to vaccinate, we asked how
willing they would be to vaccinate their child with either
MenACWY vaccine or with either MenB vaccine. Participants were
categorized as ‘‘at least somewhat willing” if they selected ‘‘some-
what willing,” ‘‘willing,” or ‘‘very willing” and ‘‘not willing” if they
were ‘‘not at all willing” to vaccinate their teen. MenACWY and
MenB vaccines were assessed separately.



Table 1
Demographic Characteristics of the 445 Parents of High School-Aged Children Who
Completed the Survey.a

Characteristic Response n %

Age Years, Mean (SD) 47.6 6.1

Sex Male 125 28.1
Female 319 71.7
Missing 1 0.2

Race American Indian or
Alaska Native

5 1.1

Asian or Asian
American

10 2.3

Black or African
American

13 2.9

Hawaiian or Other 0 0.0
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Because a complete primary series of vaccinations to protect
against all 5 serogroups for which vaccines are currently licensed
requires at least 3–4 shots (of MenACWY and MenB vaccines),
we also asked participants to select the maximum number of shots
they would be willing to give their child in order to fully protect
them against as many types of meningococcal disease as possible.
Participants were categorized as ‘‘willing to fully vaccinate against
MenABCWY serogroups” if they selected ‘‘at least 3–4 shots” and
‘‘not willing to fully vaccinate” if they selected fewer than 3 shots.

Though parental report of teens’ MenACWY vaccination status
has been shown to lead to underreporting [27], we also asked par-
ents to report whether their child had ever received MenACWY
vaccine and/or MenB vaccine for completeness and we asked the
primary reason their child had or had not received either vaccine.
Pacific Islander
White 401 90.1
Multiracial 2 0.5
Other 13 2.9
Missing 1 0.2

Ethnicity Hispanic or Latino(a) 7 1.6
Not Hispanic or
Latino(a)

424 95.3

Missing 14 3.1

Highest Education Elementary school 0 0.0
Some high school 2 0.5
High school diploma
or GED

30 6.7

Associate’s degree 65 14.6
Some college, no
degree

59 13.3

Bachelor’s degree 171 38.4
Graduate or
professional degree

118 26.5

Missing 0 0.0

Live in the 7-county Minneapolis-St.
Paul metropolitan area

Yes 288 64.7
No (including outside
MN)

155 34.8

Missing 2 0.4

Abbreviations: n = frequency, % = percentage, SD = standard deviation.
a Categorical variables presented as n (%); Continuous variables presented as

mean (SD).
2.4. Statistical methods

For each question, we report the percent of participants provid-
ing each response and the 95% confidence interval (95% CI) for the
point estimate based on the exact Clopper-Pearson CI. Spearman’s
rho was calculated to quantify the correlation between categorical
variables. We used logistic regression to assess the association
between several covariates: parental awareness of MenB vaccines,
parental awareness of MenACWY vaccines, parental knowledge of
meningococcal disease based on the knowledge scale, parental
concern about meningococcal disease based on the Likert scale,
and three outcomes: (1) parental willingness to vaccinate their
child with MenB vaccine, (2) parental willingness to vaccinate their
child with MenACWY vaccine, and (3) parental willingness to fully
vaccinate their child with enough shots to protect against the 5
serogroups for which vaccines are currently licensed
(MenABCWY). For each of the three models, we controlled for
potential confounders: parental age (continuous), parental race
(white versus non-white), parental ethnicity (Hispanic/Latino(a)
versus not Hispanic/Latino(a)), parental education (at least a high
school degree versus more than a high school degree), and child
age in years (�14, 15, 16, �17). Data management and analysis
was undertaken using R Version 3.4.1.
3. Results

3.1. Participant characteristics

Of the 445 parents who completed the survey, the average age
was 47.6 years, the majority were female (71.7%), white (90.1%),
not Hispanic or Latino/a (95.3%), had a Bachelor’s degree or higher
(64.9%), and lived within the Minneapolis-St Paul metropolitan
area (64.7%) (Table 1). The average age of the child to whom the
survey questions referred was 16 years. Overall, 89.2% of parents
reported that their child had received at least one vaccine in the
past (any type at any age).
3.2. Parental knowledge about and concern for meningococcal disease

The complete results of the survey are given in the Supplemen-
tary Appendix Table A1. Nearly all participants (91.5%; 95% CI:
88.5, 93.9) were aware of meningococcal disease, and of those
76.9% (95% CI: 72.5, 80.9) reported being at least somewhat knowl-
edgeable about the disease. The mean score on the knowledge
scale was 2.8 (out of 5). However, nearly all participants (90.6%;
95% CI: 87.5, 93.1) thought meningococcal disease is more com-
mon than it is in the US. Overall, 70.3% (95% CI: 65.9%, 74.5%) of
participants reported that they are at least somewhat concerned
about the disease.
3.3. Parental awareness of meningococcal vaccines

Overall, 75.5% (95% CI: 71.2, 79.4) of parents reported that they
were aware of meningococcal vaccines in general and 71.7% (95%
CI: 66.6, 76.5) of those respondents considered themselves at least
somewhat knowledgeable about meningococcal vaccines. About
two thirds of all respondents (68.8%; 95% CI: 64.2, 73.0) had not
heard of the MenACWY vaccines Menactra� or Menveo� and an
even higher proportion had not heard of the MenB vaccines Bex-
sero� (80.0%; 95% CI: 76.0, 83.6) or Trumenba� (82.0%; 95% CI:
78.1, 85.5). Only 7.0% (95% CI: 4.8, 9.7) of participants knew that
the most recently licensed vaccines protect against serogroup B
disease.
3.4. Parental willingness to vaccinate their teen against MenB

Participants’ reported willingness to vaccinate their teen with
MenB and MenACWY vaccine were similar, with 89.6% at least
somewhat willing to vaccinate with Bexsero� or Trumenba� (95%
CI: 86.5, 92.3) and 91.2% at least somewhat willing to vaccinate
with Menactra� or Menveo� (95% CI: 88.2, 93.7). We found a
strong correlation (Spearman’s rho: 0.91; 95% CI: 0.89, 0.92)
between participants’ willingness to vaccinate with MenB and par-
ticipants’ willingness to vaccinate with MenACWY. Nearly half
(46.3%; 95% CI: 41.6, 51.0) of participants were willing to fully vac-
cinate their child with at least 3–4 doses of vaccine to protect
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against the 5 meningococcal serogroups (ABCWY) for which vacci-
nes are currently licensed. At the end of the survey, the majority of
participants indicated that they would like more information from
their doctor about both MenB and MenACWY vaccines (81.1% [95%
CI: 77.2, 84.7] and 79.6% [95% CI: 75.5, 83.2], respectively). Overall,
55.3% (95% CI: 50.5, 60.0) of participants were at least somewhat
interested in receiving text or email notifications from their doctor
about their child’s eligibility for meningococcal vaccines.

3.5. Parental self-reported history of vaccinating their teen

While 37.9% (95% CI: 33.2, 42.7) of participants reported that
their child had received at least one MenACWY vaccination,
34.5% (95% CI: 30.0, 39.3) did not know if their child had been vac-
cinated. In addition, while 20.4% (95% CI: 16.6, 24.6) of participants
reported that their child had received at least one MenB vaccina-
tion, 40.8% (95% CI: 36.0, 45.7) did not know if their child had been
vaccinated. The top reasons parents indicated that their child had
not received MenACWY or MenB vaccine was that they did not
know about this vaccine (40.0% [95% CI: 31.0, 49.6] and 31.5%
[CI: 24.4, 39.2], respectively) or their health care provider did not
recommend the vaccine (33.9% [95% CI: 25.3, 43.3] and 32.7%
[95% CI: 25.6, 40.5], respectively).

3.6. Relationship between parental concern for meningococcal disease,
knowledge of meningococcal disease, plus awareness of meningococcal
vaccines and parental willingness to vaccinate their teen with MenB
and MenACWY vaccines

The relationship between parental concern about meningococ-
cal disease and willingness vaccinate their child with MenB,
MenACWY, or to fully vaccinate against the 5 groups (MenABCWY)
with at least 3–4 shots is shown in Fig. 1a–c. The relationship
Fig. 1. Concern about Meningococcal Disease and Willingness to Vaccinate. The relat
vaccinate their child with MenB vaccine (a), MenACWY vaccine (b), and the total numb

Fig. 2. Knowledge of Meningococcal Disease and Willingness to Vaccinate. The relationsh
their child with MenB vaccine (a), MenACWY vaccine (b), and the total number of dose
between knowledge of meningococcal disease and willingness to
vaccinate with MenB, MenACWY, and to fully vaccinate to protect
against the 5 serogroups for which vaccines are currently licensed
is shown in Fig. 2a–c. The relationship between awareness of MenB
and awareness of MenACWY vaccines and willingness vaccinate
with MenB, MenACWY, and to fully vaccinate is shown in
Fig. 3a–c.

Based on our logistic regression models, parents who were
aware of at least one of the MenB vaccines compared with those
who were not aware had significantly higher odds of being willing
to vaccinate their child with MenB vaccine (OR: 3.8; 95% CI: 1.2,
12.2; p = 0.03), with MenACWY vaccine (OR: 6.3; 95% CI: 1.3,
29.4; p = 0.02), and with enough doses to fully vaccinate their child
(OR: 1.9; 95% CI: 1.1, 3.2; p = 0.02) (Fig. 4). In addition, participants
who were at least somewhat concerned about meningococcal dis-
ease compared to those not at all concerned had a higher odds of
being willing to vaccinate their child with MenB vaccine (OR:
3.1; 95% CI: 1.5, 6.3; p = 0.002), with MenACWY vaccine (OR: 3.9;
95% CI: 1.8, 8.4; p < 0.001), and with enough doses to fully vacci-
nate their child to protect against 5 meningococcal groups (OR
2.0; 95%CI: 1.3, 3.2; p = 0.002) (Fig. 4). There was no evidence that
the odds of willingness to vaccinate (for any of the three outcomes)
differed between parents who had more knowledge about
meningococcal disease compared to parents with less knowledge
(see complete results in Fig. 4) or between parents who were
aware of at least one of the MenACWY vaccines compared to those
who had not heard of either before the survey.
4. Discussion

Our results indicate that the majority of parents of teenagers
surveyed lack awareness of the recently licensed MenB vaccines
even though the vaccines had been licensed for 2–3 years at the
ionship between parental concern about meningococcal disease and willingness
er of vaccine doses willing to receive (c).

ip between parental knowledge of meningococcal disease and willingness vaccinate
s of vaccine willing to receive (c).



Fig. 3. Awareness of MenB and MenACWY Vaccines and Willingness to Vaccinate. The relationship between parental awareness of MenB and MenACWY vaccines and
willingness vaccinate their child with MenB vaccine (a), MenACWY vaccine (b), and the total number of doses of vaccine willing to receive (c).

Fig. 4. Assessment of the association between parental awareness of MenB vaccines, awareness of MenACWY vaccines, knowledge of meningococcal disease, and concern
about meningococcal disease with (panel 1) willingness to vaccinate one’s child with MenB vaccine, (panel 2) willingness to vaccinate one’s child with MenACWY vaccine, or
(panel 3) willingness to fully vaccine against 5 serogroups (receiving at least 3–4 shots). (Logistic regression models for each of the three outcomes were adjusted for parental
sex (males vs females), parental age (continuous), parental race (white vs non-white), parental ethnicity (Hispanic/Latino(a) vs non-Hispanic/Latino(a)), parental education
(at least a high school degree vs more than a high school degree), and child age in years (<=14, 15, 16, >=17).)
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time of our survey. Despite this lack of awareness, a high propor-
tion of parents indicated that they are willing to have their child
vaccinated with MenB vaccines to protect them against MenB dis-
ease. Since both MenB and MenACWY vaccines are needed in order
to protect individuals as completely as possible against the most
common causes of bacterial meningitis reported in the US, this
degree of parental willingness is encouraging. It suggests that par-
ents are open to receiving additional information and engaging in
discussions about meningococcal vaccines. Indeed, 4 out of 5 par-
ents reported that they would like their physician to provide more
information about MenB and MenACWY vaccines. A recent study
found that physicians themselves lack knowledge about MenB vac-
cines and often fail to discuss them with their patients [28]. Lack
of parental awareness coupled with knowledge gaps among
physicians are significant barriers to MenB vaccination. Resources
are available to educate and support providers as they discuss
the risk of meningococcal disease and the availability of meningo-
coccal vaccines with their patients [29–32]. We found that both
awareness of the MenB vaccines and concern about meningococcal
disease were associated with a significantly higher willingness of
parents to vaccinate their child for each of the three outcomes
we investigated: (1) willingness to vaccinate with MenB vaccines,
(2) willingness to vaccinate with MenACWY vaccines, and (3) will-
ingness to fully vaccinate to protect against 5 disease-causing
groups (at least 3–4 shots).

Taken together, our findings strongly suggest that increasing
awareness of MenB vaccines among parents is critical to allow
parents to make informed decisions. As noted, current ACIP
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recommendations encourage parents to discuss MenB vaccination
with their child’s health care providers, but our results suggest that
since awareness of MenB vaccines among parents of teenagers is so
low, parents are unlikely to raise the topic themselves. Health care
providers should consider initiating conversations about the risk of
meningococcal disease and the availability of MenB vaccines to
improve awareness among both parents and teens. Research on
other adolescent vaccines, specifically HPV vaccine, has provided
robust evidence of the importance of provider recommendations
in increasing vaccine uptake [33], and such lessons could improve
meningococcal vaccine uptake, as well.

Discussions with health care personnel could also be instru-
mental in providing education and addressing misconceptions
about meningococcal disease since we also found that few parents
could correctly identify the most common symptoms of bacterial
meningitis and that many parents thought meningococcal disease
was more common than it is. Such conversations about the risk of
meningococcal disease and opportunities for vaccination would
enable parents to work together with their providers to consider
how best to protect their children from meningococcal disease.
Of note, our results suggest that parents have heard of meningo-
coccal vaccines in general, but that few had specific knowledge
about the vaccines currently available. This finding could be used
by providers as a starting point to initiate conversations and deli-
ver appropriate messages about risks and benefits to parents, the
majority of whom also indicated an interest in receiving additional
information. Currently, MenB vaccines are recommended for rou-
tine use among high-risk adolescents and permissive use among
all adolescents; at least 14 colleges and universities are now
requiring MenB vaccine for incoming students while approxi-
mately a dozen others are considering such a requirement [34].
Greater awareness is needed among parents of high school stu-
dents to minimize missed opportunities for meningococcal preven-
tion throughout the teenage years.

Our survey contributes key insight about parental awareness of
and willingness to vaccinate their teens with the newly introduced
MenB vaccines. However, our study was limited in that we drew a
convenience sample of parents which may not be representative of
parents in the US broadly or even in Minnesota. Yet, our study con-
tributes novel and timely evidence to understand the need for
greater parental awareness MenB vaccines, a topic for which there
is very limited data. Previous studies investigating the willingness
to receive MenB vaccines have been undertaken only in the context
of an outbreak [24] or in countries outside the US where vaccina-
tion recommendations differ significantly [16–23]. We have pro-
vided evidence that awareness of MenB vaccine is lacking among
parents of teens in the US and that awareness of MenB vaccines,
along with concern for meningococcal disease, are important pre-
dictors of willingness to vaccinate with the newly licensed MenB
vaccines. Our results highlight the need for additional education
about meningococcal disease prevention so that parents are
informed about the opportunity to ensure that their teens are as
fully protected as possible against meningococcal disease.
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