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Abstract

It is unclear how broadly aware parents are of the concept of herd immunity and whether parents
consider community benefits of vaccination when making decisions about their child’s
vaccinations. We aimed to determine whether educating parents about community-level benefits of
measles, mumps, and rubella (MMR) vaccination and local vaccination rates would impact
concern about their child’s risk of measles and risk of a measles outbreak.

We conducted an electronic survey among Minnesota parents of children aged 6-18 years in
August 2016. We assessed baseline knowledge of herd immunity, asked participants to estimate
MMR vaccination coverage in their county, and asked participants to estimate the minimum
coverage needed to prevent measles outbreaks. We then delivered a short, educational intervention
via the survey to inform participants about the benefits of herd immunity, the actual MMR
vaccination coverage in their county, and that at least 95% MMR vaccination coverage is needed
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to prevent measles outbreaks. Pre- and post-intervention, participants were asked to report how
concerned they were that their child might get measles. We used logistic regression models to
assess factors associated with awareness of herd immunity, change in concern about one’s child’s
measles risk, and overall concern for a measles outbreak.

Among 493 participants, 67.8% were aware of herd immunity at baseline. Post-intervention,
40.2% (n = 198) of parents learned that MMR vaccination rates in their county were higher than
they expected. All participants found out that their county MMR rates were lower than the measles
herd immunity threshold of 95%. Overall, 27.0% (n = 133) of participants reported an increase in
concern that their child might get measles after learning about local vaccination coverage and the
coverage needed to achieve herd immunity.

We found that our short, educational intervention aimed to increase awareness about herd
immunity and local vaccination led to an increase in concern about disease risk among less than a
third of parents.

Keywords
MMR vaccination; Herd immunity; Indirect protection; Vaccination coverage; Measles

1. Introduction

Measles is a vaccine-preventable, viral infectious disease that was declared eliminated in the
United States (US) in 2000 [1]. However, declining uptake of the measles, mumps, and
rubella (MMR) vaccine in the years since has led to recent outbreaks, and in 2019, the US
reported the highest number of annual cases since 1992 [2]. The Centers for Disease Control
and Prevention (CDC) Advisory Committee on Immunization Practices (ACIP) recommends
that children in the US receive two doses of the MMR vaccine: the first dose between 12 and
15 months of age and the second dose between 4 and 6 years of age [3]. Nationwide
estimates suggest that vaccination with at least one dose of MMR is relatively high in the
United States (91.9% in 2015, among children aged 19-35 months), but there is substantial
geographic heterogeneity in coverage [4]. In Minnesota, statewide MMR coverage of one or
more doses was 94.3% for children 19-35 months of age, as of January 1, 2016, based on
statewide registry data. Two dose MMR coverage for children up to 7 years of age varied
substantially by county and ranged from 52.9% to 93.0% [5].

Vaccination provides direct protection to the individual who is vaccinated and indirect
protection to the community through the benefits of herd immunity, also called community
immunity. When a sufficiently high proportion of the population is vaccinated, the overall
reduction of disease transmission in the community can prevent outbreaks and thus protect
unvaccinated individuals [6,7]. Given the transmissibility of measles and the effectiveness of
the vaccine, it is estimated that at least 93-95% of a population needs to be vaccinated with
two doses of measles-containing vaccine to reach the herd immunity threshold and prevent
outbreaks [8]. When vaccination coverage is below this threshold, there is a higher risk of a
measles outbreaks, with the greatest concern for outbreaks in areas where unvaccinated
persons are in close proximity and introductions of cases through travel are most likely [2].
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Parents and legal guardians play a key role in decisions about their child’s immunizations.
Previous research has shown that a parent’s main motivation for vaccinating their child is
related to the desire to directly benefit the child, often based on concerns about the disease
and/or complications related to the disease [9,20]. It is unclear how broadly aware parents
are of the concept of herd immunity and whether parents consider community benefits to
vaccination when making decisions about their own child’s vaccinations. In a 2014 national
survey of parents of infants less than 12 months old, parents who received information
emphasizing MMR vaccine’s benefits to both their child and society reported significantly
higher levels of intention to vaccinate than those who received the standard Centers for
Disease Prevention and Control (CDC) Vaccine Information Statement (VIS) [9]. The
relative importance of vaccinating for the benefit of others as a motivator in vaccine
decision-making is largely unknown [9-11]. Furthermore, little is known about the
relationship between knowledge of community benefits of vaccination, knowledge of local
vaccination rates, and concern about outbreaks [10,11]. Understanding more about the
relationships between these factors has the potential to increase awareness among parents
about the benefits of vaccination and herd immunity and to improve knowledge about local
vaccination rates and risk of measles. Ensuring that the public has accurate perceptions of
measles risk and knowledge of vaccination gaps is especially important.

With these factors in mind, we administered a survey with an embedded educational
component to examine the relationships between knowledge of herd immunity, knowledge
of local vaccination coverage, and concern about the risk of measles for one’s child and
one’s community. Our aims were to (1) assess parents’ baseline knowledge about herd
immunity, their estimate of the MMR vaccination coverage in their county, and their
estimate of the minimum vaccination coverage needed to prevent measles outbreaks (herd
immunity threshold), (2) determine which factors were associated with awareness of herd
immunity, and (3) assess whether education about the benefits of herd immunity and the
actual vaccination rates in one’s own county impacts parents’ concern about their own
child’s measles risk and the risk of a measles outbreak in their county.

2. Materials and methods

2.1. Study design and setting

We conducted a cross-sectional study with embedded educational content and recruited
participants to complete the survey at the University of Minnesota Driven to Discover
Research Facility at the Minnesota State Fair from August 29 through September 1, 2016.
The Minnesota State Fair is an annual event in the capital city of St. Paul, Minnesota, and is
visited by more than two million people over a 12-day period every year [12].

2.2. Participant recruitment

Potential participants were recruited on-site through the Minnesota State Fair mobile app
[13] and in-person at the research site by the study team. The study was advertised with the
title “What have you heard about the herd?” without reference to vaccines. Individuals were
eligible for the survey if they were at least 18 years of age, a parent/guardian (hereafter
referred to as “parent”) of at least one child aged 6-18 years, a Minnesota resident, and able
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to read, write and understand English. Eligible participants provided informed consent prior
to participation. The anonymous, 22-question interactive survey was self-administered on
electronic tablets.

2.3. Survey design and educational intervention

We designed the survey and educational content specifically to achieve the aims of this
study. First, participants self-reported basic socio-demographic information, such as age and
sex. The survey then consisted of four sections (Fig. 1). In the pre-intervention section, we
asked participants to select the correct definition of herd immunity from a list of options.
Following their response, on the next screen, participants received basic information about
measles and MMR vaccine. With this information in mind, participants were asked to think
about their youngest child who was at least six years old and to report on a five-point Likert
scale how concerned they would be that their child might get measles if he/she did not get
the MMR vaccine (“not at all,” “slightly,” “somewhat,” “moderately,” or “extremely”
concerned) (Fig. 1). This question was designed to measure how concerned the parent was
about their child’s measles risk at the start of the survey, prior to receiving specific
information about the herd immunity threshold or their county’s MMR vaccination rates.

Next, in the educational intervention section, participants were presented with information
describing the concept of herd immunity and why it is beneficial (Fig. 1). Immediately
following, participants were asked to guess the herd immunity threshold for MMR by
responding to the question “What do you think is the minimum percent of people who need
to get the MMR vaccine to protect everyone, even those who are not vaccinated (to reach
herd immunity and prevent outbreaks)?”. Then they were asked to estimate the MMR
vaccination coverage in their own county. On the next screen, participants were informed
that the herd immunity threshold for measles is 95% [8] and told the actual MMR vaccine
coverage in their county as of January 1, 2016.

In the post-intervention section, participants were again asked to report how concerned they
would be that their child might get measles if he/she did not get the MMR vaccine, using a
5-point Likert scale. This question was designed to measure how concerned the respondent
was about their child’s measles risk post-intervention. They were also asked how concerned
they were that a measles outbreak might occur in their county using the same scale (Fig. 1).

2.4, Participant characteristics

Participants reported their age, sex, race, ethnicity, highest level of education completed, and
the number of adults and children in their household. They also reported their area of
residence by zip code. We categorized participants as living within the metropolitan area of
Minneapolis-St.Paul-Bloomington if their reported zip code was in any of the 14 Minnesota
counties defined by the National Center for Health Statistics (NCHS) as “metro areas” [14].
Residents of zip codes in all other counties were categorized as residing in “non-metro
areas.”
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2.5. Assessment of awareness of local MMR vaccination coverage

Participants also selected their county from a drop-down list of all Minnesota counties.
Participant estimates of the MMR vaccination coverage in their county were compared to the
county-specific MMR vaccination rates, which were provided by the Minnesota
Immunization Information Connection (MIIC), a statewide electronic immunization registry
developed and maintained by the Minnesota Department of Health [5]. MMR vaccination
rates available from MIIC indicate the proportion of children 7 years old as of January 1,
2016 who had received two or more valid doses of MMR vaccine. We categorized a
participant’s estimate of local MMR vaccine coverage as “correct” if it was within 5
percentage points of the reported coverage in their county, as an “overestimate” if it was
more than 5 percentage points higher than the reported coverage, and as an “underestimate”
if it was more than 5 percentage points lower than the reported coverage.

2.6. Assessment of awareness of herd immunity

We categorized participants as “aware of herd immunity” if they chose the correct definition
(i.e. “vaccinating enough people to protect even those who are not vaccinated”) when asked
about the concept and “not aware” if they chose any of the other incorrect options (Fig. 1).
Incorrect options for the definition of herd immunity were: “Vaccinating only those at high
risk for the disease”; “Vaccinating adults and children several times within a year”;
“Vaccinating children who already had the disease™; and “Vaccinating animals to protect
humans from infection.” We categorized participants as having correctly estimated the herd
immunity threshold if they estimated the threshold to be 95%, plus or minus 5 percentage
points, and to have incorrectly estimated the threshold if they gave a response of less than
90%.

2.7. Construction of the Sankey plots

Here, we use Sankey plots to illustrate how participant responses (measured on a 5-point
ordinal scale) changed pre- and post-intervention for multiple groups of participants. This
visualization allows us to graphically illustrate the change in concern among survey
participants pre- and post-intervention, while at the same time, descriptively comparing
change across groups defined by their awareness of herd immunity and their perception of
their own county’s risk of an outbreak; we hypothesized that these groups may differ.

2.8. Factors associated with awareness of herd immunity

To assess factors associated with being aware of the concept of herd immunity, we fit a
multivariable logistic regression model with the following covariates: sex (male vs. female),
age (years, continuous), highest level of education (associate degree or more vs. high school
degree or less), race (white vs. another race), ethnicity (Hispanic or Latino vs. not Hispanic
or Latino), area of residence (metro area vs. non-metro area), and whether they perceived
that their own community was at risk of an outbreak, as defined below.

2.9. Assessment of concern about measles

Based on responses to the question “How concerned would you be that your child might get
measles if he/she did not get the MMR vaccine?”, we categorized a participant as
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“concerned that their child is at risk of measles” if they selected “somewhat,” “moderately,”
or “extremely,” and “rnot concerned that their child is at risk of measles’ if they answered
“not at all” or “slightly,” both pre- and post-intervention.

Participants were categorized as those who “perceived that their own county was at risk of
an outbreak” if their own estimate of the MMR vaccine coverage in their county of residence
was lower than their estimate of the herd immunity threshold for MMR. Conversely, we
categorized participants as “perceived that their own county was not at risk of an outbreak”
if a participant estimated that the MMR vaccine coverage in their county was equal to or
higher than their estimate of the herd immunity threshold. Participants were informed via the
text in the survey how their guesses compared to the actual herd immunity threshold and
compared to the actual coverage level in their county immediately after they guessed these
values and prior to the rest of the survey.

Based on the answer to the question “How concerned are you that a measles outbreak might
occur in your county?”, we categorized a participant as “concerned that a measles outbreak
could occur in their county” if they selected “somewhat,” “moderately,” or “extremely,” and
“not concerned that a measles outbreak could occur in their county” if they selected “not at

all” or “slightly.”

2.10. Factors associated with change in concern about child’s risk of measles and
concern about risk of a measles outbreak in their county post-intervention

To assess factors associated with an increase in concern about their child’s risk of getting
measles before and after the educational intervention, we fit a multivariable logistic
regression model. The outcome measure was the difference in concern in their pre-
compared to post-intervention responses to this same question. Responses were categorized
as either “concern decreased or remained the same” or “concern increased.” We assessed the
association between the outcome and two measures: perceived risk of an outbreak in one’s
own community and awareness of herd immunity, both defined above. We adjusted a priori
for demographic characteristics (sex (male vs. female), age (years, continuous), highest level
of education (associate degree or more vs. high school degree or less), race (white vs.
another race), ethnicity (Hispanic or Latino vs. not Hispanic or Latino), area of residence
(metro area vs. non-metro area)). We report the point estimates for the odds ratios and 95%
confidence intervals. To assess factors associated with a participant’s concern about risk of a
measles outbreak in their county after receiving the educational intervention, we fit another
multivariable logistic regression model. The outcome measure was “concerned about an
outbreak” vs. “not concerned about an outbreak,” as defined above. We assessed the
association between the outcome and whether participants perceived their own community
was at risk of an outbreak and whether they were aware of herd immunity, both defined
above. We decided a priorito adjust for the demographic characteristics described above. We
report the point estimates for the odds ratios and 95% confidence intervals.

2.11. Analysis

Surveys were designed and administered by the study team using the REDCap electronic
data capture software [15,16]. Stata 14 was used for data management and analysis [17]. The
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Sankey diagrams were developed in R version 3.6.1 [18], using the flipPlots package in
Displayr [19].

2.12. Ethical review

This study was reviewed and approved as exempt by the University of Minnesota
Institutional Review Board.

3. Results

3.1. Participant characteristics

Of the 493 participants who completed the survey, the majority were female (71.0%), white
(89.7%), not Hispanic or Latino (94.3%), and had at least a bachelor’s degree (60.1%).
Nearly all (95.3%) reported that their youngest child over 6 years of age had previously
received at least one vaccine, with 92.7% reporting that their child had received at least one
previous MMR vaccine (Table 1).

3.2. Awareness of herd immunity and factors associated

Two thirds of survey participants (67.8%; n = 334) were aware of herd immunity (Table 2).
Of the factors assessed, those who identified as white (compared to another race, [OR =
3.13; 95% CI: 1.62, 6.09]), live in the metro area (compared to elsewhere, [OR = 2.02; 95%
Cl: 1.24, 3.27]), and have an associate degree or more (compared to high school or less; [OR
=1.71; 95% CI: 1.05, 2.79]) had greater odds of being aware of herd immunity (Fig. 2).

3.3. Awareness of local MMR vaccination coverage

Forty-one percent of participants (n = 201) correctly estimated that the herd immunity
threshold for MMR vaccine was 95% +5% while 59% of participants (n = 291) incorrectly
believed that the herd immunity threshold was lower than 90% coverage. In every county, on
average, participants underestimated the true MMR coverage in their county. In total, 40.5%
(n = 198) of participants underestimated, 27.6% (n = 135) overestimated, and 31.9% (n =
156) correctly estimated the true MMR coverage in their county. The proportion of
participants who underestimated, overestimated and correctly estimated MMR coverage in
their county varied greatly by county (Fig. 3). Based on these two estimates that participants
gave, nearly two-thirds (60.0%; n = 293) perceived that their own community was at risk of
an outbreak, given that their estimate of the MMR vaccine coverage in their county of
residence was lower than their estimate of the herd immunity threshold for MMR (Table 2).
Participants were informed via the text in the survey how their guesses compared to the
actual herd immunity threshold and compared to the actual coverage level in their county.

3.4. Concern about child’s risk of measles, concern about risk of a measles outbreak,
and factors associated with concern

Before receiving any information regarding the benefits of herd immunity, the MMR vaccine
herd immunity threshold, and the current MMR vaccination coverage in their county, 76% (n
= 373) of all respondents reported being concerned (selected “somewhat,” “moderately,” or
“extremely” concerned) that their child might get measles if he/she did not get the MMR
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vaccine. After receiving information regarding the MMR vaccine and herd immunity,
slightly fewer respondents (72%; n = 354) reported being concerned that their child might
get measles if he/she did not get the MMR vaccine. In addition, after receiving information
regarding MMR vaccine and herd immunity, 62% (n = 304) reported being concerned that a
measles outbreak might occur in their county. The Sankey plots provide a detailed
categorization across the Likert scale of participant’s change in level of concern about their
child’s measles risk (Fig. 4).

After the educational intervention, whereby participants learned the actual herd immunity
threshold for measles and the actual MMR vaccination coverage in their county, plus how
these values compared to their estimates, over a quarter of survey participants overall
(27.0%; n = 133) reported an increase in their concern that their child might get measles if
he/she did not get the MMR vaccine (Fig. 4).

The odds of having an increase in concern that their child might get measles, compared to no
increase or a decrease in concern, for those who perceived that there was a risk of an
outbreak was 1.26 times higher than for those who did not perceive a risk of an outbreak
(95% CI: 0.82-1.94), though the confidence interval was wide and included an estimate of
no difference. The odds of concern increasing among those who were aware of the concept
of herd immunity was very similar to the odds for those who were not aware of herd
immunity (OR: 1.06; 95% CI: 0.67-1.67) (Fig. 5), though the confidence interval was wide.

After the educational intervention, the majority of survey participants (61.7%; n = 304)
reported that they were concerned that their county was at risk of a measles outbreak. The
odds of reporting being concerned about a measles outbreak in their county was 1.52 times
higher among those who perceived that there was a risk of an outbreak (they thought the
vaccine coverage was lower than the level needed for herd immunity), compared to those
that did not perceive a risk of an outbreak (95% CI: 1.03-2.26). The odds of reporting being
concerned about a measles outbreak in their county was 1.29 times higher among those who
were aware of herd immunity, compared to those who were not aware of herd immunity
(95% CI: 0.85-1.97), though the confidence interval was wide and included an estimate of
no difference (Fig. 6).

4. Discussion

In this study, we aimed to investigate the relationship between knowledge of herd immunity,
knowledge of the herd immunity threshold for measles, knowledge of local MMR
vaccination rates, and concern for one’s own child’s measles risk and concern for a measles
outbreak. We also aimed to determine how concern about measles risk changed once
participants were properly informed about local MMR vaccination coverage and the herd
immunity threshold. Of note, all of the participants in this study were from counties with
MMR coverage rates below the herd immunity threshold of 95% coverage. We found that
the majority of participants in our survey were familiar with the concept of herd immunity,
but that many underestimated the herd immunity threshold for measles; plus, many thought
the MMR vaccination coverage in their county was lower than the actual coverage. We also
found that this short educational intervention aimed at increasing awareness about herd
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immunity and MMR vaccination coverage led to an increase in concern about one’s child’s
risk of the disease among 27% of participants. We observed that perceived risk of their child
contracting measles was higher in those who perceived a risk of a community outbreak
(those who estimated vaccination coverage to be lower than what they believed to be the
level needed for herd immunity), regardless of their knowledge of herd immunity.

As part of this study, 40.2% of participants learned that vaccination coverage in their county
was higher than they estimated, but that their county still did not reach the herd immunity
threshold of 95% for measles. However, we did not see a corresponding increase in the
proportion of individuals who reported being extremely concerned that their child might get
measles if he/she did not get the MMR vaccine. This suggests that perhaps participants
understood the importance of high vaccination coverage but did not internalize the
importance of reaching the herd immunity threshold, or that the realization that MMR
coverage was higher than expected provided reassurance and outweighed the fact that their
county did not meet the herd immunity threshold. Here, we aimed to assess the relationship
between coverage, herd immunity, and concern and to assess how these changed after
participants became better informed about the actual coverage and the herd immunity
threshold. Future studies might explore the ways to both increase awareness of herd
immunity and establish the appropriate level of concern about the risk of measles and
measles outbreaks.

Previous studies suggest that communicating the benefits of herd immunity and educating
individuals about vaccination levels in their county lead to an increase in willingness to be
vaccinated [9-11]. Our study went beyond these previous studies, as we sought to determine
whether an educational intervention about the benefits of herd immunity and local MMR
vaccination rates would change a parent’s concern about their child’s risk of contracting
measles if he/she were unvaccinated. We did not ask whether the participant would be
willing to vaccinate their child with MMR vaccine, because the study included parents of
children who were already past the recommended age for receiving the MMR vaccine, and
overall vaccination coverage in the state is high.

We took advantage of a unique opportunity to survey a larger number of participants over a
short period of time by drawing a convenience sample of attendees at the Minnesota State
Fair. As a result, our analysis is not based on a sample representative of the Minnesota adult
population. For example, our participants included a higher proportion of more educated
individuals and a higher proportion of female participants, compared to the state’s
population. Therefore, we cannot conclude that our results are generalizable to the general
population, because we do not know the external validity of our findings. While one might
expect that participants who vaccinated their child with MMR vaccine would be more likely
to self-select into the study, we found the level of self-reported MMR vaccination (at least
one dose) to be 92.7% among participants who completed this question, very similar to the
state-wide coverage of 92.6% of children aged 19-35 months vaccinated with at least one
dose of MMR, estimated by the CDC in 2015 [4]. Since our study compares participant
responses before and after learning about vaccination coverage and herd immunity, we
aimed to maintain internal validity. Future studies could address the impact of similar
interventions in representative samples and in more diverse populations and could explore
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the use of more tailored and specific information on herd immunity, relevant to the
community in which the intervention is delivered.

5. Conclusions

Overall, a significant proportion of parents learned that MMR vaccination rates were higher
than they expected, which may have reassured them that measles risk was low in their local
areas, even though none of the counties had vaccination rates that met the herd immunity
threshold. We found that our short, educational intervention aimed to increase awareness
about herd immunity and local vaccination led to an increase in concern about disease risk
among 27% of parents. Participants who believed that vaccination coverage in their county
was lower than the herd immunity threshold needed to prevent outbreaks were more likely to
be concerned about measles outbreaks.
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Which of the following
sentences do you think
describes the term

“herd immunity”?

o Vaccinating only
those at high risk for
the disease.
Vaccinating adults
and children several
times within a year.
Vaccinating children
who have already
had the disease.
Vaccinating enough
people to protect
even those who are
not vaccinated.
Vaccinating animals
to protect humans
from infection.

o

o

o

“Measles is a disease
that is not very
common in the US, but
outbreaks do happen.
Measles can cause
serious illness,
hospitalization, and in
rare cases, death.The
MMR vaccine can
protect against several
diseases including
measles. Children are
recommended to
receive the MMR
vaccine around one
year of age and again
around age 5.

How concerned would
you be that your child
might get measles if
he/she did not get the
MMR vaccine?

o Notatall concerned
o Slightly concerned

o Somewhat
concerned
o Moderately
concerned
o  Extremely
concerned

Information
about Herd
Immunity

“At the beginning of
the survey, we asked
you to choose the
definition of herd
immunity. Herd
immunity is vaccinating
enough people to
protect everyone and
prevent outbreaks. If a
high enough percent of
the population is
vaccinated, EVERYONE
benefits. Even those
who are not vaccinated
will be protected from
the disease. For each
disease, the percent of
people who need to be
vaccinated to ensure
that everyone is
protected is different.”

‘What do you think is
the minimum percent of
people who need to get
the MMR vaccine to
protect everyone, even
those who are not
vaccinated (to reach
herd immunity and
prevent outbreaks)?

Which county do you
live in?

‘What percentage of
young children in your
county do you think got
the MMR vaccine in
20157
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Actual Herd
Immunity
Threshold and
MMR Coverage

“At least 95% of a
population needs to get
the MMR vaccine to
protect EVERYONE,
even those who are not
vaccinated. It is best if
all children receive the
MMR vaccine to

protect against
measles.”
“In 2015, __% of

children in your county
got the MMR vaccine.”

(Participants were
shown actual
vaccination coverage in
their own county)

With this in mind, how
concerned are you that a
measles outbreak might
occur in your county?

o Notatall concerned
o Slightly concerned

o Somewhat concerned
o Moderately concerned
o  Extremely concerned

With this in mind, how
concerned would you be
that your child might get
measles if he/she did not
get the MMR vaccine?

o Notatall concerned
o Slightly concerned

o Somewhat concerned
o Moderately concerned
o  Extremely concerned

Fig. 1.

Sugmmary of the survey intervention designed to address the aims of this study and the
timing at which they were delivered during the survey. Participants were asked questions and
then provided with educational information to increase knowledge about the concept of herd
immunity, the MMR vaccination coverage in their county, and the herd immunity threshold

1duosnuepy Joyiny 1duosnuely Joyiny

1duosnuely Joyiny

for measles.
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Parental knowledge of herd immunity
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Male vs.
female

Age in years

White vs. _
all other races

Hispanic or Latino vs. | L

not Hispanic or Latino

Associate degree or more vs. |
high school degree or less

Metro resident vs. |
non-metro resident

Perceived concern vs. |
no perceived concern

T
0125 025

Fig. 2.

Adjusted odds ratio and 95% confidence intervals for the association between each
demographic covariate, perception of concern about measles, and awareness of herd

L ]

0s

Odds Ratio

|

|

|

immunity as estimated from a multivariate logistic regression model.
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Increase in Concern about Child's Risk of Measles Post-Intervention

Male vs. | L Y |
female

Age in years -

White vs. _ 1
all other races

B S

Hispanic or Latino vs. | .
not Hispanic or Latino

Associate degree or more vs.
high school degree or less

Metro resident vs. | L
non-metro resident

cmee g

Aware of herd immunity vs. | " o )
not aware

Perceived concern vs. | L
no perceived concern

05
Odds Ratio

Fig. 3.
Adjusted odds ratio and 95% confidence intervals for the association between each

demographic covariate, awareness of herd immunity, perception of concern about measles,
and increase in concern about one’s child’s risk of measles post-intervention as estimated
from a multivariate logistic regression model.
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Concern that County is at Risk of a Measles Outbreak
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Male vs. |
female

Age in years -

White vs. |
all other races

Hispanic or Latino vs. |
not Hispanic or Latino

Associate degree or more vs. |
high school degree or less

Metro resident vs. |
non-metro resident

Aware of herd immunity vs. |
not aware

Perceived concern vs. |
no perceived concern
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Fig. 4.

o-+-

Adjusted odds ratio and 95% confidence intervals for the association between each
covariate, awareness of herd immunity, perception of concern about measles, and an
individual’s concern that their county is at risk for a measles outbreak as estimated from a

multivariate logistic regression model.
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Proportion of residents who under-, over-, and correctly
estimated MIIC reported MMR coverage by county

Anoka (n=57)
Chisago (n=13)
Dakota (n=70)
Goodhue (n=9)
Hennepin (n=91)
Olmsted (n=11)
Ramsey (n=70)
Scott (n=13)
Stearns (n=9)
Washington (n=35)

Wright (n=17)

p—

I |

T

T
0 20% 40% 60%

Underestimated MMR coverage in county
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[ Correctly estimated MMR coverage, within five percentage points

—

Overestimated MMR coverage in county

The Minnesota Immunization Information Connection (MIIC) is a statewide vaccination
registry from which the Minnesota Department of Health (MDH) reports county-level

vaccination coverage.

Fig. 5.

The dark grey bars represent the proportion of participants who underestimated MMR

vaccine coverage in their county of residence, the grey bars represent the proportion of
participant who correctly estimated the MMR vaccine coverage in their county of residence,
within five percentage points, and the light grey bars represent the proportion of participants
who overestimated MMR coverage in their county of residence. Comparisons of MMR
coverage per county were made based on the MDH MIIC report as of January 1, 2016. Only

those counties that comprised

more than 80% of the sample are displayed.
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Aware of Herd Immunity

Not Aware of Herd Immunity

Perceived that their own county
was at risk of an outbreak

Perceived that their own county
was not at risk of an outbreak

Pre % (n =205) Post %

Post %
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Post %

Degree of concern that
child might get measles if
he/she did not get the
MMR vaccine
[ Extremely
Moderately
[ Somewhat
Slightly
[ Not at all

Fig. 6.

Sankey plots depicting the proportion of respondents reporting each degree of concern that
their child’s measles risk (colored lines), both before receiving any information regarding
the local MMR vaccine coverage or the herd immunity threshold (“Pre %) and after

receiving this information (“Post %”).
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Demographic characteristics of 493 survey respondents who completed the survey at the University of

Table 1

Minnesota Driven to Discover research facility in August 2016.

N g2
Age 18-39 years 107 217
40-59 years 357 724
260 years 26 53
Missing 3 0.6
Sex Male 141 28.6
Female 350 71.0
Other 1 0.2
Missing 1 0.2
Race African American 10 2.0
Native American or Alaska Native 8 1.6
Asian 20 41
Hawaiian or Other Pacific Islander 1 0.2
Multiracial 6 1.2
White 442 89.7
Other 5 1.0
Missing 1 0.2
Ethnicity Hispanic or Latino 14 2.8
Not Hispanic or Latino 465 943
Missing 14 2.8
Highest Education Level Graduate degree 100 20.3
Bachelor’s degree 196 39.8
Associate degree 100 20.3
High school diploma or GED 94 191
Elementary school 2 0.4
Missing 1 0.2
Has your child ever had any type of vaccine? Yes 470 953
No 15 30
Don’t know 8 1.6
Missing 0 0
Has your child had at least one dose of MMR vaccine?b Yes 443 899
No 6 1.2
Don’t know 29 59
Missing 15 30

aRow percentages may not equal 100, due to rounding.

bAmong the 478 participants who responded to this question, 92.7% (n = 443) indicated that their child had received at least one dose of MMR

vaccine.
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Table 2

Page 19

Knowledge of herd immunity and estimates of local MMR vaccine coverage among the 493 participants who

completed the survey.

n %
Aware of herd immunity a ves 334 678
No 159 323
Missing 0
Estimate of herd immunity threshold for measles 95% %5 percentage points (correct estimate) 201 40.8
Underestimated (<90%) 291 59.0
Missing 1 0.2
Estimate of MMR vaccine coverage in participant’s county of residence  Correct coverage estimate (+5 percentage points) 156 31.6
Overestimate (>5 percentage points higher than 135 274
actual)
Underestimate (<5 percentage points lower than 198 40.2
actual)
Missing 4 0.8
Perceived that their own county was at risk of an outbreak b ves 293 594
No 195 39.6
Missing 5 1.01

a .. . . . - -
Participants were categorized as being “aware of herd immunity” if they chose “vaccinating enough people to protect even those who are not
vaccinated”, the correct definition of herd immunity, when asked about the definition of the concept and not aware if they chose any other option.

Participants were categorized as those who “perceived that their own county was at risk of an outbreak” if their estimate of the MMR vaccine

coverage in their county of residence was lower than their estimate of the herd immunity threshold for MMR. This is a construct of the two

previous variables. Participants were informed during the survey about how their estimates compared with actual coverage levels and the actual

herd immunity threshold.
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