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Abstract

Introduction: Parental vaccine hesitancy can be a barrier to routine childhood immunization 

and contribute to greater risk for vaccine-preventable diseases. This study examines the impact of 

parental vaccine hesitancy on childhood vaccination rates.

Methods: This study assessed the association of parental vaccine hesitancy on child vaccination 

coverage with ≥4 doses of diphtheria, tetanus toxoid, and acellular pertussis vaccine; ≥1 dose 

of measles, mumps, and rubella vaccine; up-to-date rotavirus vaccine; and combined 7-vaccine 

series coverage for a sample of children aged 19–35 months using data from the 2018 and 2019 

National Immunization Survey-Child (N=7,645). Adjusted differences in multivariable analyses 

of vaccination coverage were estimated among vaccine hesitant and nonhesitant parents and 

population attributable risk fraction of hesitancy on undervaccination, defined as not being up to 

date for each vaccine.

Results: Almost a quarter of parents reported being vaccine hesitant, with the highest proportion 

of vaccine hesitancy among parents of children who are non-Hispanic Black (37.0%) or Hispanic 

(30.1%), mothers with a high school education or less (31.9%), and households living below the 

poverty level (35.6%). Childhood vaccination coverage for all vaccines was lower for children 

Address correspondence to: Kimberly H. Nguyen, DrPH, MS, Immunization Services Division, National Center for Immunization 
and Respiratory Diseases, Centers for Disease Control and Prevention, 1600 Clifton Road, Mailstop H24-4, Atlanta GA 30329. 
uxp1@cdc.gov. 

CREDIT AUTHOR STATEMENT
Kimberly H. Nguyen: Conceptualization; Data curation; Formal analysis; Investigation; Methodology; Software; Visualization; 
Writing - original draft; Writing - review and editing. Anup Srivastav: Data curation; Formal analysis; Methodology; Software; 
Validation; Writing -review and editing. Megan C. Lindley: Methodology; Writing - review and editing. Allison Fisher: Methodology; 
Writing - review and editing. David Kim: Methodology; Writing - review and editing. Stacie M. Greby: Conceptualization; 
Methodology; Resources; Validation; Writing - review and editing. James Lee: Formal analysis; Software; Validation; Writing - 
review and editing. James A. Singleton: Conceptualization; Funding acquisition; Resources; Supervision; Writing - review and 
editing.

SUPPLEMENTAL MATERIAL
Supplemental materials associated with this article can be found in the online version at https://doi.org/10.1016/j.amepre.2021.08.015.

HHS Public Access
Author manuscript
Am J Prev Med. Author manuscript; available in PMC 2022 March 01.

Published in final edited form as:
Am J Prev Med. 2022 March ; 62(3): 367–376. doi:10.1016/j.amepre.2021.08.015.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of hesitant than nonhesitant parents, and the population attributable fraction of hesitancy on 

undervaccination ranged from 15% to 25%, with the highest percentage for ≥1 dose of measles, 

mumps, and rubella vaccine.

Conclusions: Parental vaccine hesitancy may contribute up to 25% of undervaccination among 

children aged 19−35 months. Implementation of strategies to address parental vaccine hesitancy 

is needed to improve vaccination coverage for children and minimize their risk of vaccine-

preventable diseases.

INTRODUCTION

The Advisory Committee on Immunization Practices (ACIP) recommends that children 

receive timely vaccinations against 14 potentially serious illnesses, including measles 

and pertussis, during the first 24 months of life.1 Recent studies in the U.S. show that 

only 44% of children were up to date with all ACIP-recommended vaccines by age 

24 months in 2014; 23% were following alternate schedules and 14% were following 

unknown or unclassifiable patterns.2 Among children born in 2016 and 2017, only 70.5% 

had completed the combined 7-vaccine series (diphtheria, tetanus toxoid, and acellular 

pertussis vaccine [DTaP]; inactivated poliovirus vaccine; measles, mumps, and rubella 

vaccine [MMR]; Haemophilus influenza type b vaccine; hepatitis B vaccine; varicella 

vaccine; and pneumococcal conjugate vaccine) by age 24 months, which is well below 

the Healthy People 2020 target of 80%.3,4

Factors that may contribute to lower vaccination coverage include lack of access to 

vaccination services, missed opportunities for vaccination during healthcare visits, and 

vaccine hesitancy.5–14 Vaccine hesitancy is defined as a “delay in acceptance or the 

refusal of vaccination despite availability of vaccination services.”5 Vaccine hesitancy 

may contribute to parents modifying their children’s vaccination schedules by forgoing or 

delaying receipt of recommended vaccines.6–9 Lack of confidence in vaccines has led to 

undervaccination in several communities across the U.S. and contributed to outbreaks of 

measles and pertussis in recent years.10–14

A better understanding of how parents’ vaccine hesitancy beliefs are associated with 

decreased childhood vaccinations across different socioeconomic populations is an 

important step in developing tailored intervention strategies. The primary purpose of this 

study is to evaluate the association between parental vaccine hesitancy and childhood receipt 

of DTaP, rotavirus vaccine (RV), MMR, and combined 7-vaccine series. The secondary 

purpose is to examine differences in coverage owing to hesitancy by race/ethnicity and the 

population attributable fraction (PAF) of vaccine hesitancy on undervaccination of children.

METHODS

Study Sample

The National Immunization Surveys (NIS) are a group of surveys used to monitor routine 

vaccination coverage by age among children aged 19–35 months (NIS-Child), teens aged 

13–17 years (NIS-Teen), and influenza vaccinations for children aged 6 months–17 years 

(NIS-Flu). This study uses data from NIS-Child, which is an annual random-digit-dial 
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cellular telephone survey that monitors vaccines received by children aged 19–35 months 

in the 50 states, the District of Columbia, and some U.S. territories. The NIS is conducted 

in English and Spanish, if needed, by National Opinion Research Center interviewers. 

Otherwise, if another language is needed, respondents are connected to Language Line. The 

respondent is the person in the household who is most knowledgeable about the child’s 

vaccination history—the mother, father, or a relative (hereafter referred to as parents). 

Parents of eligible children were asked questions on sociodemographic characteristics of 

the household and to consent for NIS-Child to contact the child’s vaccination providers. 

Vaccination providers identified during the interview were mailed a questionnaire requesting 

the vaccination history from the child’s medical record, and vaccination coverage estimates 

were made based on provider-reported vaccination histories. Although the NIS-Child is an 

annual survey that is administered throughout the year, questions on vaccine hesitancy were 

only asked from April through June in the years 2018 and 2019. The overall Council of 

American Survey Research Organizations response rates for the 2018 and 2019 NIS-Child 

were 24.6% and 21.1%, respectively.15,16 This activity was reviewed by the Centers for 

Disease Control and Prevention (CDC) and conducted in compliance with applicable federal 

law and CDC policy (e.g., 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. 

§552a; 44 U.S.C. §3501. et seq).

Measures

The association of parental vaccine hesitancy with vaccination coverage was assessed using 

a CDC-developed and previously validated 6-item questionnaire.17 These questions were 

validated as individual data-producing questions and not designed to be scaled up to a single 

metric and have been used in previous studies to examine vaccine hesitancy in association 

with childhood vaccination coverage.17–19 Interviewers asked parents 6 questions on their 

perceptions of childhood vaccinations (Appendix Table 1, available online).

The first question asked parents about adherence to the standard vaccination schedule: Is the 
child administered vaccines following a standard schedule, or some other schedule, such as 
the Sears Schedule? The response options were standard schedule or some other schedule. 

If needed, the respondents are told that the standard schedule is the vaccination schedule 

recommended by CDC and the American Academy of Pediatrics (AAP),1 and some other 
schedule refers to an alternative schedule that deviates from CDC- and AAP-recommended 

schedule. Although ACIP develops vaccine recommendations for children and adults and 

CDC sets the immunization schedules based on these recommendations, the term CDC was 

used in the questionnaire because it was more recognizable by most people.

The second item asked parents about overall vaccine hesitancy: Overall, how hesitant about 

childhood shots would you consider yourself to be? The response options were not at all 

hesitant, not that hesitant, somewhat hesitant, and very hesitant. This question was asked as 

a 4-level response because people could not commit to a dichotomous response of hesitant 

or not hesitant during cognitive testing. Responses for very hesitant and somewhat hesitant 

were combined and recoded as hesitant and responses for not that hesitant and not at all 

hesitant were recoded as not hesitant, because the difference between somewhat and very is 

not known.
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The final 4 items asked parents about their perceptions toward vaccines, with yes and no 

as response options: Did concerns about the number of vaccines the child gets at one time 

impact your decision to get the child vaccinated?; Did concerns about serious, long-term 

side effects impact your decision to get the child vaccinated?; Do you personally know 

anyone who has had a serious, long-term side effect from a vaccine?; and Is the child’s 

doctor or health provider your most trusted source of information about childhood vaccines? 

Those who answered yes were considered to have the corresponding attitudes/beliefs.

Differences in coverage for children of hesitant and nonhesitant parents were estimated for 

DTaP ≥4 doses, MMR ≥1 dose, up-to-date RV (defined as ≥3 RV doses of any type or 

≥2 Rotarix doses), and the combined 7-vaccine series by age of vaccination assessment, 

ranging from 19 to 35 months. Because RV was found in previous studies to have low 

coverage,4 it was examined to assess the impact of vaccine hesitancy on undervaccination. 

The combined 7-vaccine series (4:3:1:3:3:1:4) includes ≥4 doses of DTaP, ≥3 doses of 

inactivated poliovirus vaccine, ≥1 dose of MMR, the full series of Haemophilus influenza 
type b vaccine (≥3 or ≥4 doses, depending on product type), ≥3 doses of hepatitis B vaccine, 

≥1 dose of varicella vaccine, and ≥4 doses of pneumococcal conjugate vaccine.

Interviewers asked parents about their child’s age, race/ethnicity, the relationship of the 

respondent to the child, the mother’s educational level, annual household income, and 

city and ZIP code of the household’s residence. Mother’s educational level was assessed 

because studies have identified mothers as the primary decision makers regarding childhood 

vaccinations, and it is used in weighting based on birth certificate data.20 Metropolitan 

statistical area (MSA) status (MSA principal city, MSA nonprincipal city, and non-MSA) 

was determined based on the city and county of the household’s residence.21 Households 

were classified as below the federal poverty level if their total family income was less than 

the federal poverty level specified for the applicable family size and number of children aged 

<18 years. All others were classified as at or above the poverty level.22

Statistical Analysis

Data from April to June in the years 2018 and 2019 were combined and analyzed in 2019 

and 2020. Respondents from each survey were weighted to the general population and 

were found to have similar socioeconomic characteristics across both years.15,16 Weighted 

proportions of responses to each vaccine hesitancy variable were assessed overall and by 

sociodemographic characteristics. Differences in vaccination coverage by each parental 

vaccine hesitancy variable and sociodemographic differences were examined. Adjusted 

vaccination coverage differences and PAF were calculated from multivariable logistic 

regression models to determine the differences in ≥4 doses DTaP, ≥1 dose MMR, up-to-date 

RV, and combined 7-vaccine series coverage after adjusting for age, race/ethnicity, mother’s 

educational level, and poverty status. The adjusted PAF was calculated for each vaccine 

to assess the potential contribution of vaccine hesitancy to the observed undervaccination 

level. Undervaccination refers to not being up to date for DTaP, MMR, RV, or the combined 

7-vaccine series and could include those who did not receive any doses of these vaccines.

PAF was calculated using the formula: p (rr − 1)/rr, where p is the proportion of hesitant 

individuals among the not-vaccinated group of individuals and rr denotes the relative 
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risk comparing the proportion of those nonvaccinated among the hesitant group with 

the proportion of nonvaccinated among the nonhesitant group.23–25 The rr is obtained 

using a log-link regression model with undervaccination of each vaccine as the outcome 

measure and vaccine hesitancy as one of the covariates in the model. Vaccination coverage 

differences among hesitant and nonhesitant parents were analyzed for each vaccine by race/

ethnicity.

All analyses were weighted to population totals to adjust for households having multiple 

cellular telephone lines, unit nonresponse, and noncoverage of noncellular telephone 

households.15,16 All estimates, along with 95% CIs, were calculated using SUDAAN, 

version 11.0.1 to account for the complex survey design. All differences were tested using 

2-tailed t-tests with a significance level set at p<0.05. Only significant results (p<0.05) are 

described in the text.

RESULTS

For the 2018 NIS-Child, 6,336 parents were interviewed, and adequate provider data were 

collected for 52% (n=3,436) of interviewed parents. For the 2019 NIS-Child, 7,741 parents 

were interviewed and 49% (n=4,209) had adequate provider data. Overall, 23.6% of parents 

reported hesitancy toward child vaccinations (Table 1). Approximately one quarter reported 

being concerned about the number of vaccines the child receives at one time (24.3%) and 

serious, long-term side effects from vaccines (23.2%). In addition, 10.6% of parents reported 

personally knowing someone who had a serious, long-term side effect from a vaccine, 

12.4% reported that their child’s doctor was not the most trusted source of information 

about childhood vaccines, and 5.3% were following some other vaccination schedule than 

those recommended by CDC and AAP. Parents who were hesitant or followed some other 

schedule were more likely to have concerns about the number of vaccines received at one 

time; have concerns about serious, long-term side effects; know someone with side effects 

from a vaccine; and see a doctor who is not the most trusted source of information about 

childhood vaccines (Appendix Table 2, available online).

Hesitancy toward childhood vaccines was associated with child’s race/ethnicity, respondent 

relationship to the child, mother’s educational level, and the household’s poverty status 

(Table 1). Compared with non-Hispanic White populations (16.4%), a higher proportion of 

non-Hispanic Black (37.0%) and Hispanic (30.1%) populations were hesitant toward child 

vaccinations. Mothers (26.4%) were more likely to be hesitant than fathers (15.4%), and 

mothers who had less than high school education (31.9%) were more likely to be hesitant 

than mothers who had more than college education (13.0%). Parents living in households 

below the poverty level (35.6%) were more likely to be hesitant than those in households at 

or above poverty level (18.5%).

Child vaccination coverage was significantly lower among hesitant parents than nonhesitant 

parents for all vaccine series (Table 2 and Appendix Figure 1, available online). In adjusted 

multivariable models, the percentage point difference in vaccination coverage between 

hesitant and nonhesitant parents ranged from 7.9 for ≥1 dose of MMR to 16.3 for up-to-date 

RV (Table 2 and Appendix Figure 1, available online). PAF was highest for ≥1 dose of 
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MMR (24.6%) and lowest for the combined 7-vaccine series (14.8%) (Figure 1). Those who 

followed an alternative vaccine schedule had a 30–percentage point difference in combined 

7-series coverage compared with those who followed the ACIP- and AAP-recommended 

schedule (Table 2). Parents with other vaccine hesitancy concerns had differences in vaccine 

coverage ranging from 2.7 to 11.5 percentage points (Table 2).

Overall, differences in vaccine coverage between hesitant and nonhesitant parents were 

highest for Hispanic (15.5%–21.0%) and non-Hispanic White populations (11.4%–19.0%), 

whereas coverage was not statistically different for non-Hispanic Black populations and 

non-Hispanic other populations (Table 3). Among non-Hispanic White and Hispanic 

populations, differences were highest for the combined 7-vaccine series.

DISCUSSION

More than a quarter of surveyed parents were hesitant about vaccinating their children 

aged 19–35 months, and their vaccine hesitancy might have contributed to 15%–25% 

of undervaccination for their children. In general, vaccine hesitancy was highest among 

parents of non-Hispanic Black and Hispanic children, mothers with lower education, and 

households living below the federal poverty level. This is similar to other studies that have 

found disparities in race/ethnicity with respect to vaccine hesitancy and lower childhood 

vaccination coverage.18,19,26 Approximately 11% of parents indicated that they know 

someone with a serious, long-term side effect from a vaccine, which suggests that these 

beliefs may be based on their perceptions of risk rather than true events. Vaccine hesitancy, 

in addition to other barriers to vaccination, may increase the burden of vaccine-preventable 

diseases among populations that are already disproportionately affected by poor health 

outcomes.

Vaccine hesitancy is associated with lower coverage for all childhood vaccines assessed in 

the study, from a difference of 8 percentage points for ≥1 dose of MMR to 17 percentage 

points for up-to-date RV. Similarly, other studies have found lower vaccination coverage for 

influenza vaccine and human papillomavirus vaccine among children of hesitant parents 

compared with nonhesitant parents.18,19,27 Differences in vaccination coverage among 

hesitant and nonhesitant parents were highest among Hispanic and non-Hispanic White 

populations, suggesting that there are racial/ethnic disparities in the association between 

hesitancy and vaccination coverage, and tailored messages are needed to address hesitancy 

in these populations.

The PAF of hesitancy on undervaccination is highest for ≥1 dose of MMR, demonstrating 

that almost 25% of undervaccination in children is associated with parental vaccine 

hesitancy. These data suggest that parental vaccine hesitancy may have contributed to 

undervaccination and nonvaccination that led to multiple outbreaks of measles in several 

communities across the U.S.6 In the U.S., only 20 states have ≥90% vaccination coverage 

for 1 dose of MMR for children by age 2 years.4 In 2019, there were 1,282 cases of 

measles reported in the U.S., the highest reported number since 1992, and the U.S. almost 

lost its measles elimination status.28,29 Most of these measles cases occurred among people 

who were intentionally unvaccinated and in communities with low vaccination coverage 
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rates.30 Low community vaccination rates can lead to disease outbreaks that could have been 

prevented.

WHO recently reported that global vaccination coverage with 2 doses of the measles vaccine 

has decreased to less than the 95% threshold needed for herd immunity.31 In 2019, the 

number of measles cases globally rose by 30%, even in countries where measles had been 

eliminated.31 Erosion of public confidence in the use of vaccines and increasing spread of 

misinformation and disinformation on vaccine safety prompted WHO to declare vaccine 

hesitancy one of the 10 greatest threats to global health.32

Among parents of undervaccinated children, vaccine hesitancy is an important factor, 

but there are other factors that contribute to low vaccination coverage rates. To increase 

access to vaccines, immunization programs can increase awareness of the Vaccines for 

Children program, which provides recommended vaccines at no cost to children aged ≤18 

years who are Medicaid-eligible, uninsured, American Indian/Alaska Native, or insured by 

health plans that do not fully cover all routine immunizations. Providers can also improve 

vaccination coverage by administering all recommended vaccines during the same office 

visit, addressing any concerns or misinformation from parents during office visits, and using 

other evidence-based strategies for improving vaccination coverage.33 These strategies may 

include notifying parents when children are due for a vaccination, establishing standing 

orders or policies that allow nonphysician personnel to administer vaccines, and enhancing 

computerized immunization information systems for tracking vaccinations.33–37 For racial 

and ethnic groups that may be more hesitant, tailored messages to address specific concerns 

and misinformation and physician recommendation of vaccines may increase vaccine 

confidence and uptake.

The following strategies are recommended by CDC to reduce vaccine hesitancy and 

strengthen vaccine confidence: (1) identify undervaccinated communities, (2) empower 

families in their decision to vaccinate by strengthening provider–parent vaccine 

conversations, and (3) address myths and misinformation.38 Public health partners should 

work together to identify undervaccinated communities using surveillance tools and vaccine 

coverage monitoring systems, characterize populations at risk for undervaccination, and 

use science-based strategies tailored for the population to promote vaccination, while 

continuing to remove barriers to vaccine access. In addition, healthcare providers should 

have access to appropriate resources to initiate early vaccine conversations with parents of 

young children and with pregnant women.39 Finally, overcoming myths and misinformation 

on vaccines requires educating the public and policymakers about vaccines and engaging 

trusted messengers to repeatedly share accurate and easily understandable information.

Limitations

The findings in this report are subject to several limitations. First, bias in estimates might 

remain even after weighting for household and provider nonresponse and noncoverage. 

Second, the vaccine hesitancy questions were only asked in the NIS-Child for 3 months in 

2018 and in 2019. The small sample size among non-Hispanic Black and non-Hispanic other 

racial groups may explain why no significant differences in PAF were found in these groups. 

Third, the survey asked about hesitancy toward vaccines in general and not specifically 
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about any particular vaccine or vaccine series. Fourth, the question on vaccine hesitancy may 

not fully capture the true prevalence of vaccine hesitancy in the population owing to social 

desirability bias or nonresponse bias. Fifth, the outcome in this study was undervaccination, 

but other ways of calculating nonvaccination could affect the results. Sixth, data are from a 

cross-sectional survey and the PAF estimates are only an approximation of the true causal 

relationship between hesitancy and vaccination. Finally, although the results were significant 

at the p<0.05 level, the number of significant results may be overestimated owing to multiple 

comparisons.

CONCLUSIONS

Routine vaccinations for many children may have been impacted by the coronavirus disease 

2019 (COVID-19) pandemic, owing to disruptions in routine medical care and stay-at-home 

orders.40 Although the delivery of recommended childhood vaccines may have recovered 

after the initial impact of the pandemic, continued efforts should be made to ensure that 

children continue receiving life-saving vaccines. Increasing coverage involves addressing 

hesitancy and access barriers to vaccination. Countering vaccine hesitancy is critical to 

strengthen trust in vaccines among parents and maintain a culture that recognizes the 

continuing value of vaccines to prevent diseases.
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Figure 1. 
Population attributable fraction of vaccine hesitancy on undervaccination, April–June 2018 

and 2019, NIS-Child.
aUTD defined as ≥3 rotavirus doses of any type or ≥2 Rotarix doses.
bThe combined 7-vaccine series (4:3:1:3*: 3:1:4) includes ≥4 doses of DTaP, ≥3 doses of 

IPV, ≥1 dose of MMR, the full series of Hib (≥3 or ≥4 doses, depending on product type), ≥3 

doses of HepB, ≥1 dose of VAR, and ≥4 doses of PCV.

DTaP, diphtheria, tetanus toxoid, and acellular pertussis vaccine; HepB, hepatitis B vaccine; 

Hib, Haemophilus influenzae type b conjugate vaccine; IPV, inactivated polio vaccine; 

MMR, measles, mumps, and rubella vaccine; NIS, National Immunization Survey; PCV, 

pneumococcal conjugate vaccine; UTD, up-to-date; VAR, varicella vaccine.
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