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Abstract

Objective: To develop a Vaccine Confidence Index (VCI) that is capable of detecting variations
in parental confidence towards childhood immunizations centered on trust and concern issues that
impact vaccine confidence.

Methods: We used a web-based national poll of 893 parents of children <7 years in 2016 to
assess the measures created for the Emory VCI (EVCI). EVCI measures were developed using
constructs related to vaccine confidence identified by the U.S. National Vaccine Advisory
Committee (i.e., “Information Environment”, “Trust”, “Healthcare Provider”, “Attitudes and
Beliefs”, and “Social Norms”). Reliability for EVCI was assessed using Cronbach’s alpha. Using
the variables related to each of the constructs, we calculated an overall EVCI score that was then
assessed against self-reported childhood vaccine receipt using chi-square and the Cochrane-
Armitage trend tests.

Results: Respondents’ EVCI scores could range from 0 to 24, and the full range of values was
observed in this sample (Mean = 17.5 (SD 4.8)). EVCI scores were significantly different (p <
0.006 for all comparisons) between parents who indicated their child(ren) received routinely
recommended vaccines compared with parents who indicated they had delayed or declined
recommended immunizations. There was also a significant, consistent association between higher
EVCI scores and greater reported vaccine receipt.
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Conclusions: We developed EVCI to reliably measure parental vaccine confidence, with
individuals’ scores linked to parental vaccine-related attitudes, intentions, and behaviors. As such,
EVCI may be a useful tool for future monitoring of both population and individual confidence in
childhood immunization.
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assessment

1. Introduction

Childhood vaccination coverage in the United States (U.S.) has been consistently high in
recent years [1-3]. However, prior research has identified early vaccine delay and/or refusal
that may leave young children susceptible to infectious diseases [4,5]. Recent findings
indicate variability in parental attitudes may link to their confidence in vaccines, perceived
immunization need, social norms, and message influences [6-9]. Although national
childhood vaccination coverage remains at a level sufficient to mitigate sustained large-scale
outbreaks, decreases in confidence in vaccination may lead to drops in childhood
immunization rates that could threaten the herd immunity built up by public health efforts
over the last few decades [10-14]. The ongoing burden of vaccine preventable diseases
(VPDs) is a reminder of the continued importance of vaccination and the need to be attuned
to parental confidence in recommended childhood immunization [15-17].

A 2015 report by the U.S. National Vaccine Advisory Committee (NVAC) defined vaccine
confidence as “the trust that parents or health-care providers have (1) in the immunizations
recommended by the Advisory Committee on Immunization Practices (ACIP), (2) in the
provider(s) who administer(s) vaccines, and (3) in the processes that lead to vaccine
licensure and the recommended vaccination schedule” [18]. The same report identified a set
of domains often found to be correlates of vaccine confidence and recommended the
creation of an index that would enable reliable and helpful regular measurement of
confidence at a population and/or individual level [18]. The World Health Organization’s
Strategic Advisory Group of Experts on Immunization (SAGE) Working Group on Vaccine
Hesitancy and others have articulated that confidence, convenience (access), and
complacency are core domains associated with hesitance and immunization decision-making
[19-21].

Since 2010, there have been cross-disciplinary and collaborative efforts in the measurement
of vaccine confidence and the development of indices [19,21-23]. Public trust in healthcare
and institutions such as government, non-governmental organizations (NGOs), media, and
business have already resulted in proprietary “trust-in-systems” indices widely used by
decision-makers in business, government, and other economic sectors [24]. Within the
vaccine confidence field, a confidence scale was developed using questions from the 2010
National Immunization Survey (NIS) — Teen and it was evaluated using data from the 2011
NIS. This study indicated that both an eight-item and four-item measure held promise for
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measuring parental vaccine confidence with an adolescent population, but those questions
have not been included on more recent iterations of this survey [25].

Another recently developed and utilized scale, the Parental Attitudes about Childhood
Vaccines (PACV) survey, measured vaccine attitude and belief-related constructs related to
vaccine hesitancy among parents of children 19-35 months of age (e.g., Overall, how
hesitant about childhood shots would you consider yourself to be?) [26-29]. Yet, vaccine
confidence is not the same as vaccine hesitancy; as confidence increases, hesitancy
presumably decreases. Vaccine confidence encompasses components of trust, faith, and a
lack of worry and concern about vaccine- and health-related outcomes, whereas vaccine
hesitancy is associated with reluctance, doubt, and willingness to undertake a recommended
action. Our findings have previously found support for the inverse relationship between
vaccine hesitancy and confidence [29], and highlighted the need to develop indices aligned
with NVAC recommendations. Arguably, a vaccine confidence index (VCI) should go
beyond measuring traditional attitudes about vaccines (e.g., safety, effectiveness) and
include a broader assessment of trust and confidence in the vaccination system. Just as trust
in physicians is a key component of confidence in physicians and medical care [30], trust in
the major institutions involved in the immunization system is a key component of vaccine
confidence.

We conducted this study to initiate development and evaluation of a set of comprehensive
and efficient measures of the influences or levers that could help predict the acceptance or
receipt of immunization reported by U.S. parents. Global efforts are underway to measure
vaccine confidence, trust, and hesitancy, and this study contributes to the broader
collaboration within the field [19,21,22,25-29,31,32]. In this case, it does so by uniquely
focusing on the trust and confidence that U.S. parents place in people and processes around
vaccination. The Emory VCI (EVCI) measures were developed to offer potential research,
clinical, and surveillance tools for assessment of parental vaccine confidence as well as to
identify shifts in attitudes and behaviors.

Methods

2.1. Study design and sample

During the fall of 2016, we assessed the draft EVCI using a survey with U.S. parents drawn
from market research panels aggregated by Qualtrics (Provo, Utah). Qualtrics employs
methodologies to create an overall panel that approximates the adult U.S. population; further
details are available in published materials [33]. Our sampling frame included English
speaking, non-institutionalized parents/guardians aged =18 years living in the U.S. with
child(ren) aged <7 years. Panel[notdeflmembers meeting inclusion criteria were randomly
selected to receive an email invitation to participate.

Participants received a $0.50 cash-equivalent incentive for participation in the survey (N =
114 survey items). The survey was comprehensive and included items beyond those assessed
in this study, including community opinion leadership, personal values, media consumption,
and provider relationship issues. Our overall response rate was 59.5% (893 valid responses/
1502 attempts). Participation is described in Fig. 1. This study was reviewed by the Emory
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University Institutional Review Board and determined to be exempt from human subjects’
research.

2.2. Measurement

2.2.1. Endpoint assessment—The survey was designed to assess confidence-related
constructs and the childhood vaccination decisions of parents of children <7 years, as these
children are primarily affected by the Centers for Disease Control and Prevention’s (CDC)
recommended immunization schedule for infants and children, established by the Advisory
Committee on Immunization Practices (ACIP) and school entry immunization policies
[34,35]. To assess vaccination decisions, we asked respondents if their youngest child had
received all doses of recommended vaccines, specifically: Hepatitis B (Hep B), Rotavirus
(RV), Diphtheria, Tetanus, and acellular Pertussis (DTaP), Haemophilus influenzae type b
(Hib), Pneumococcal (PCV), Inactivated Poliovirus (IPV), Influenza (Flu), Measles,
Mumps, Rubella (MMR), Varicella (chickenpox), and Hepatitis A (Hep A). Although many
children likely received specific vaccines in combination, we separately assessed them as
described; the survey did not include combination vaccine formulations (e.g., DTaPHib-IPV,
MMR-V).

2.2.2. Independent variables—Participant sociodemographic data (e.g., insurance
type, child age) are reflected in Table 2. Using the NVAC definition of “vaccine confidence”
as a framework, we developed a matrix that enabled us to classify 30 individual survey items
with regard to the NVAC definition of vaccine confidence and the five key component
influences that NVAC identified as associated with confidence. Thus, survey items were
classified as they corresponded to the constructs “Information Environment”, “Trust”,
“Healthcare Provider”, “Attitudes and Beliefs”, and “Social Norms” (Supplementary Table
1). Because items had different response options, we recoded each item to a four-level
outcome for consistent comparison (Supplementary Table 2). The four levels were: (1)
Lowest agreement/Lowest trust/Strongest disagreement (score = 0); (2) Don’t know/Don’t
Use/Neutral (score = 1); (3) Moderate agreement/Moderate trust (score = 2); and (4)
Strongest agreement/Highest trust (score = 3).

2.3. Statistical analysis

2.3.1. Exploratory factor analyses—We grouped the individual survey items using
factor analysis. Alpha coefficients were computed within the individual factors and across
the full group of variables. This process enabled our analytic team to determine which items
or variables could be removed to increase alpha or minimally reduce alpha while increasing
parsimony. After reducing the number of EVCI items from 30 to 17 based on alpha
coefficients, we computed the coefficient of variation based on the mean and variation for
each variable to identify variables with the highest variability, and retained nine variables in
the matrix with a coefficient of variation greater than 25%.

Among the remaining nine variables, we compared the mean variable-specific score between
parents who reported their child did or did not receive each vaccine, and we retained six
variables with a between-group difference of 0.25 for assessment of at least 6 of the 9
vaccines. When comparing the final variable list to the NVAC vaccine confidence definition,
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it was noted that no construct related to healthcare providers remained in the reduced scale.
To ensure that the resulting EVCI remained aligned with the NVAC vaccine confidence
definition, we retained the variables addressing confidence in healthcare providers, resulting
in a final 8-item index.

Respondents’ overall EVCI score was calculated by summing scores across each collapsed
variable, and could range from 0 (i.e., no confidence) to 24 (i.e., complete confidence). To
help assess the EVCI’s validity, we used ANOVA to compare differences in mean summary
scores by self-reported vaccine receipt, excluding responses from parents who reported
“Don’t Know.” Overall scores were also stratified into a three-level categorical variable: 0-
12 (corresponding to an average of 0-1.5 on all EVCI questions and reflecting little or no
confidence), 13-20 (corresponding to an average of greater than 1.5-2.5 on all EVCI
questions and reflecting moderate confidence), and 21-24 (corresponding to an average of
greater than 2.5-3 on all EVCI questions and reflecting high confidence).

2.3.2. Internal consistency—Initially, 30 items representing five constructs were
included in the EVCI (alpha = 0.926); the initial reduction of the EVCI to 17 items resulted
in an index (alpha = 0.918). Additional items were removed following assessment of
coefficients of variation (which resulted in retaining nine variables with alpha = 0.855) and
mean differences across self-reported vaccination receipt (which resulted in retaining six
variables with alpha = 0.826). The final eight core item index resulted in alpha = 0.857
(Table 1).

2.3.3. Predictive validity testing—~Predictive validity was assessed by testing the
association among the EVCI scores with self-reported vaccination responses. Self-reported
childhood vaccine receipt was compared across this categorical vaccine confidence score
using the Fisher’s exact test as well as the Cochrane-Armitage test for trend. For each
vaccine, we conducted logistic regression to estimate the increase in odds of reporting that a
child received the vaccine for a one-point increase in EVCI summary score, adjusted for
available demographic characteristics (parental age, race, ethnicity, income, education,
number of children in the household, and rural/suburban/urban residence location).

3. Results

One goal was to create a confidence index that was understandable, time efficient, and
usable in different settings (e.g., surveillance, clinical, research). On average, participants
spent 8.1 min completing the 114 item survey (inclusive of sociodemographics), with a
mean time of 4.3 s per question. Accounting for any extra time needed (e.qg., clinician
distraction), the final proposed eight-item scale should take less than one minute to
complete; it has a grade 7.7 reading level according to the Flesch-Kincaid readability test,
and has a Flesch reading ease score of 61.4.

3.1. Sociodemographic characteristics

Respondent demographics are shown in Table 2. The majority of respondents were female,
between ages 25-44 years, non-Hispanic white, and had completed some college or more.
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3.2. EVCI score and completeness of vaccination

EVCI scores in this sample ranged the entire scale from 0 to 24 (Mean = 17.5 (SD = 4.8);
median 18). Children of parents in the lowest vaccine confidence category (EVCI score 0—
12) had the lowest level of reported coverage for the routinely recommended vaccines. In
addition, reported uptake of each vaccine increased with increasing EVCI category (Table
3). For each vaccine, the Cochrane-Armitage test for trend estimated statistically significant
increases in vaccine receipt with higher EVCI score category. Further, for each one-point
increase in EVCI score, the odds of parental report of their child receiving a vaccine
increased by approximately 10-15% (Table 4). The results from these fully adjusted models
were similar to those from unadjusted logistic regression models. Finally, a table highlights
resulting EVCI items compared to other vaccine trust measures (Table 5).

4. Discussion

This study supports NVAC’s recommendation for the development of a vaccine confidence
index anchored in the decision-making factors the committee identified as important to
vaccine acceptance [18]. Recent findings indicate that even among parents of children who
are up-to-date on immunizations, broad concerns still exist about pediatric immunizations
[6]. Thus, having trust in those who produce vaccines, provide vaccine oversight, and offer
vaccine recommendations is important for engendering and sustaining public confidence
[36]. Our index provides an early set of options towards an efficient, yet comprehensive, set
of items that assess trust in the processes that lead to vaccine licensure, advisory committee
recommendations and trust in oversight entities, and in those who recommend vaccines and
schedules [18]. Our tool links parental confidence to vaccine uptake that, in turn, will aid in
the development and provision of effective education and outreach. By using the set of EVCI
tools, there is greater potential to identify varying confidence and more effectively address
challenges such as vaccine hesitancy and lower immunization coverage in the future.

In this study, we developed a parsimonious, relevant eight-item index that was able to assess
vaccine confidence with a highly acceptable internal validity score. This index can be
understood by individuals with a middle school level of education, and takes only around
one minute for parents to complete. The reduction in alpha for our final eight-item index,
pared from the original 30 questions, was small and suggests the strength of the final items
included is nearly matched to the expanded set of items.

This study advances the NVAC recommendation for research to create a vaccine confidence
index with factors associated with vaccine confidence (e.g., trust in healthcare providers,
institutions)[18]. Our index also included questions related to domains identified by previous
literature such as trust, vaccine safety, immunization behavior, and information seeking
[22,26,37]. While none of the initial “Information Environment” variables were retained in
the final EVCI, the inclusion of two variables addressing the importance of health care
providers in the immunization recommendation process underscores prior research
indicating that healthcare providers are the most trusted source of vaccine information [38-
41]. The next step in this research process will be to assess accuracy of self-reported
immunization compared vs. record (e.g., registry, provider medical records).
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In response to parental concerns in the U.S. on vaccine topics like vaccine ingredients and
simultaneous delivery of multiple vaccines, we included several questions to specifically
assess levels of trust in federal and scientific institutions involved in the vaccine licensure
and recommendation process [42]. Recent indices have been constructed and validated in
populations with very young children (under 3 years of age) or adolescents [25,28,31]. In
this study, we sought to measure vaccine confidence for parents of children within a wider
range of ages, who would have been eligible for early childhood as well as kindergarten
vaccinations. In doing so, we hoped to provide a more comprehensive snapshot of parental
confidence levels. Our work also builds upon previous international findings that identified
differences in parents’ attitudes towards immunization needs and types of vaccines
(childhood immunizations, seasonal and pandemic influenza, HPV vaccination, travel
vaccination), indicating the need to consider vaccinations both as a group and individually
[43].

The categories of vaccine confidence scores we identified correspond well with parent-
reported vaccine receipt of all routinely recommended childhood vaccines, with percent of
children vaccinated increasing in a stepwise fashion for each increasing confidence category.
In our survey, we collected additional sociodemographic variables to be used in future
analyses to meet the challenges of gauging the overall level of U.S. parental vaccine
confidence, and also to identify clusters of parents with lower confidence, where they live,
and how they seek healthcare for their children. By incorporating the sociodemographic
variables, reports of individual vaccinations, and vaccine confidence scores, these analyses
will have the potential to provide more comprehensive explanation for the adherence to
childhood vaccination recommendations in the U.S.

The consistency of increased odds of self-reported vaccine receipt with increasing EVCI
score, combined with similar trends in vaccine receipt across categories of EVCI, indicate
the robustness of this scale in identifying vaccine confidence factors associated with vaccine
receipt. Even with the limitation of parental self-report of childhood vaccination status, this
consistency supports, at a minimum, the potential for greater awareness of vaccination status
among parents with greater confidence in vaccines. Additionally, while the results from the
adjusted and unadjusted logistic regression models were similar, adjustment for parental
sociodemographics did lead, in some cases, to slightly increased odds ratios. This is in line
with prior studies identifying the association of these sociodemographics with vaccine
uptake [2,44-46]. While we cannot attribute all non-vaccination to lower vaccine
confidence, it is possible that parents with higher EVCI scores may be more willing to seek
vaccination, even in the face of logistic barriers, than those with lower EVVCI scores.

Historically, there have been many reasons for low vaccine receipt or under vaccination,
including lack of access to vaccination services (e.g., transportation difficulty, lack of a
medical home) and the complexity of the childhood vaccine schedule [47-49]. Although the
Vaccines for Children program has greatly decreased disparities in coverage among
historically underserved populations, other barriers to full vaccination, such as perceptions
of risk associated with vaccination and concerns about too many vaccines being
administered, persist [36,50-52]. These factors, combined with the substantial size of the
U.S. annual birth cohort, can influence changes in population-level immunity [14,51,53].
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Although a recommendation from a clinician remains the factor most associated with
vaccine uptake, not all vaccination visits allow for the time necessary for clear
recommendations or in-depth conversations with parents [38,54]. In these instances, other
factors influencing vaccine acceptance may increase in importance in shaping a parent’s
confidence in vaccines [36,38]. Use of EVCI could provide utility for research, surveillance,
and clinical needs. Further development of this instrument may be also useful to providers
and policymakers to help inform continued vaccination recommendations and promotion.
While vaccine coverage in the U.S. is high, it has been estimated that more than 1 in 8
parents are “fence sitters” when it comes to vaccination [37]. This population of parents may
be susceptible to small perturbations in vaccine confidence, and a shift to non-vaccination
among these parents could substantially decrease national vaccine coverage levels.

5. Limitations

Several sources of bias limit the ability of self-reported vaccination decisions to represent
actual vaccination behavior, including recall, response, and social desirability bias. Because
parents of children aged 0—7 were included in our analysis, not all vaccinations included in
our analysis are age-appropriate for all children (e.g., MMR, varicella, and Hepatitis A are
not scheduled until 12 months of age) [55]. We recognize that parents may not be aware of
the specific vaccines to be administered at specific well-child appointments; thus, this form
of recall bias may have been an issue. Additionally, we did not include brand names of
vaccines, which may have negatively affected recall of some vaccines for which we typically
see higher uptake (e.g., pneumococcal conjugate vaccine). We also did not directly assess
systemic differences between participant demographics and that of the broader parent
population of children <7 years. The study population has a higher education attainment
level than most U.S. parents and is English-speaking; both factors may contribute to
sampling bias. Expansion of EVCI to broader populations (e.g., pregnant women, men who
have sex with men) will provide a means to mitigate these limitations moving forward.

6. Conclusions

We developed and undertook an initial assessment of vaccine confidence measures that are
reliable and provide an efficient tool to measure shifts in parents’ attitudes and perceptions.
This endeavor emphasizes a positive approach (predictors of vaccine acceptance) to
measurement rather than a negative one (predictors of hesitancy). Further analyses of these
data may provide insight on populations at risk for incomplete vaccination. Future
development of the EVCI tools with immunization status validation will support public
health practices to sustain high levels of early childhood immunization.
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Refer to Web version on PubMed Central for supplementary material.
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Total surveys attempted
N =1,502
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A4

Eligible participants
N =1,160 (77.2% of total)

Ineligible

N =342 (22.8% of total)
Children aged >7 yrs (N = 296)
Parents aged <18 or >100 yrs (N = 46)

Did not complete survey
N = 265 (22.8% of total eligible)

Completed survey
N =895 (77.2% of eligible)

W

Excluded for invalid responses
N =2 (0.2% of completed surveys)

Included in analysis
N = 893 (99.8% of
completed surveys)

Fig. 1.
Participant flow diagram.
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Odds ratio of increased likelihood of parental report that child received vaccination for each 1 point increase in

EVCI.

Odds ratio
(95% CI)*

Unadjusted odds ratio

(95% CI)

DTaP
Polio
Hepatitis A
Hepatitis B

Haemophilus influenzae type b

Rotavirus
MMR
Pneumococcal

Varicella

1.14 (1.09, 1.20)
112 (1.07, 1.17)
1.09 (1.05, 1.14)
1.11 (1.06, 1.16)
113 (1.08, 1.18)
1.15 (1.10, 1.20)
1.10 (1.06, 1.15)
1.10 (1.06, 1.14)
1.10 (1.06, 1.14)

1.14 (1.09, 1.19)
112 (1.07, 1.17)
1.08 (1.04, 1.12)
1.08 (1.03, 1.12)
1.11 (1.06, 1.15)
112 (1.07, 1.16)
1.10 (1.06, 1.15)
1.09 (1.05, 1.13)
1.10 (1.06, 1.14)

*
Adjusted for parent’s gender, race, ethnicity, education, income, parent’s age, number of children in the household, and number of children in the

household.
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