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Dissertation Abstract
Improving Childhood Vaccination Coverage: Understanding Maternal and Infant Characteristics
Associated with Receipt of Hepatitis B and Other Recommended Vaccinations
Natalia Vukshich Oster, MPH
Chair of the Supervisory Committee:

Emily C. Williams, PhD, MPH, Associate Professor
Department of Health Services, School of Public Health, University of Washington

Vaccines are one of the most successful public health measures in modern medicine.
Each year, thousands of illnesses, hospitalizations and deaths are directly prevented through
immunization and indirectly through herd immunity. Paradoxically, vaccines have been so
effective at preventing childhood diseases that a growing number of U.S. parents now question
whether vaccination is necessary and whether perceived vaccine risks outweigh the benefits.

In an era when few parents have firsthand experience with many of the diseases that vaccines
prevent, new approaches are needed to maintain and increase vaccination coverage. Despite the
rapid decline of vaccine preventable diseases (VPDs) in the U.S. these diseases are still common
worldwide and will quickly resurface if vaccination rates are not maintained, as evidenced by
recent outbreaks of pertussis and measles.

Hepatitis B (HepB) is the first vaccine on the U.S. Childhood Immunization Schedule,
which recommends seven shots (known as the 7-vaccine series) by 19 months of age. A HepB
vaccine birth dose is recommended within 24 hours of birth for all medically stable infants born
weighing at least 2000 grams and is the only vaccine recommended before the second month of

age. We hypothesized that a missed HepB birth dose, accompanied by specific maternal and



infant characteristics, could serve as a “red flag” to identify newborns who may be at high risk
for missing subsequent childhood vaccines and could benefit from early, targeted interventions.

Using a sample of infants born in Washington state between 2008 and 2013, this
dissertation investigates predictors of the HepB birth dose (Aim 1), whether receipt of the HepB
birth dose is associated with completing other recommended vaccines by 19 months (Aim 2) and
whether timely HepB vaccine receipt, in conjunction with select maternal and infant
characteristics, can be used to predict the risk of missing future childhood vaccinations (Aim 3).
In Aim 1, we found that populations which are typically underserved (e.g., publicly insured,
racial/ethnic minorities) were the most likely to receive the HepB birth dose, while infants who
were non-Hispanic white, privately insured, and/or had an English-speaking mother were less
likely to be vaccinated. Aim 2 showed that receiving the HepB birth dose was strongly
associated with completing the 7-vaccine series by 19 months. In Aim 3, we developed and
validated a risk prediction model which reliably identified newborns at risk for low completion
of the 7-vaccine series by age 19 months.

The results of our research suggest that the risk for low vaccination coverage is not
evenly distributed in the population and that specific sociodemographic, clinical and birth
hospitalization characteristics may indeed be associated with, and potentially predict, individual
vaccine uptake. Further, receiving HepB during the birth hospitalization emerged as a key
indicator of parental vaccine acceptance. The combined study findings highlight areas for future
interventional research in healthcare settings aimed at increasing childhood vaccination coverage
and serve as an important foundation for research focused on barriers to vaccine receipt in key

subpopulations.
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Chapter 1. INTRODUCTION
1.1 Vaccines Provide a Major Public Health Benefit

Infectious diseases took an enormous toll on the U.S. population in the early 20" century.
More than 15,000 Americans died from diphtheria in 1921, the year before the diphtheria
vaccine was licensed.! That same year 469,924 measles cases were reported, and 7,575 patients
died. In 1922, 107,473 pertussis cases were reported, of which 5,099 died.? More recently, in
1965, a rubella epidemic infected 12.5 million people and resulted in the deaths of over 2,000
babies and 11,000 miscarriages.*

In the pre-vaccine era, vaccine preventable diseases (VPDs) were common and most
people had seen or had first-hand experience with their effects. Polio was particularly visible,
and historians note that polio exemplified the public’s fears of contagious diseases.® Whereas
people died or recovered from most VPDs, polio often disabled healthy, active children and
those who were permanently disabled remained in the community.* In the 1950s, polio outbreaks
caused more than 15,000 cases of paralysis each year in the United States.> During polio
epidemics, schools and camps were closed, theaters were shut, draft inductions were suspended,
nonessential meetings were cancelled, and public drinking fountains were turned off.>® The
benefits of vaccines were clear in this environment and parents were understandably eager to
vaccinate.

Since 1900, vaccines against 21 major diseases (including those described above) have
been developed”® and are currently on the U.S. Immunization Schedule for Infants and
Children.® Seven shots — known as the 7-vaccine series — are recommended by 19 months of age

(4 doses of diphtheria-tetanus-pertussis, 3 poliovirus, 1 measles-mumps-rubella (MMR), 3



Haemophilus influenza Type b, 3 hepatitis B (HepB), 1 varicella, 4 pneumococcal). Rotavirus,
Hepatitis A and influenza vaccinations are also recommended in early childhood (see Table 5.1).

Childhood vaccination rates in the U.S. are high overall. Most children are routinely
vaccinated with three or more doses of poliovirus vaccine (93%), one or more doses of MMR
(92%) and one or more doses of varicella vaccine (91%).1° However, fewer than 70% complete
the 7-vaccine series on time, and a small but increasing proportion of children receive no
vaccines by age 24 months.'® Furthermore, geographic clustering of under- and
un-vaccinated children create pockets of children at increased risk of disease transmission, which
may be masked by high overall vaccination coverage rates.*3

Despite these gaps, the Centers for Disease Control & Prevention (CDC) estimate that
vaccinations have prevented more than 322 million illnesses, 21 million hospitalizations and
732,000 deaths among U.S. children born between 1994 and 2014, saving $295 billion in direct
costs and $1.38 trillion in total societal costs.>** Smallpox has been eradicated; no cases of polio
have originated in the United States since 1979 (although internationally imported cases have
occurred as recently as 1993); since 2000, only four cases of diphtheria and 16 cases of
congenital rubella syndrome have been reported to the CDC.*>!® Yet, VPDs continue to circulate
worldwide. For example, the World Health Organization estimates that each year more than
100,000 infants are born with congenital rubella syndrome, 90,000 children die from measles and
199,000 die from meningitis and pneumonia as a result of Haemophilus influenzae type B
(Hib).17-20

Recent VPD outbreaks in the United States?®2 highlight the continued importance of
maintaining high herd immunity to protect individual health, those too young or ill to be

vaccinated and the wider community. Individual vaccination coverage has implications beyond



personal vaccine decision making and uptake. Importantly, although high-income families are
the most likely to delay or defer vaccinations,?>?3 the societal benefits of herd immunity may be
particularly vital for low-income families who experience disparities in health care and outcomes
and may be disproportionately affected by lost wages and expenses when caring for a sick
child.?* For example, to contain a recent measles outbreak, a 21-day quarantine was required for
exposed children at an average family cost of $775 per child.?® While these costs can be
reasonably absorbed by high-income families, lower income families are the least likely to have
sick leave or savings to draw from, making financial recovery after childhood illnesses more

difficult.?®

1.2 Vaccine Safety Concerns Have Replaced Fear of VPDs

Paradoxically, the success of vaccines and the subsequent decrease of many childhood
diseases has led a growing number of parents to question whether vaccines are still necessary
and whether vaccine risks outweigh their benefits.?2232728 parents may be concerned about too
many vaccines, too soon, vaccine ingredients, and discredited research claiming a link between
autism and vaccines.?>% Research is clear, however, that vaccines are safe, effective and that
delaying or refusing vaccination has led to VPD outbreaks that may jeopardize public health.?%2
Furthermore, technological advances have reduced the number of antigens in vaccines, most
vaccine side effects are minor (for example, a sore arm or low-grade fever) and before the
Advisory Committee on Immunization Practices (ACIP) recommends adding a new vaccine to
the immunization schedule, it reviews comprehensive safety and efficacy data from clinical

trials.31:32



Today, only 1-2% of U.S. parents refuse all recommended vaccines.>** However, many
more have concerns about vaccines. An estimated 25-35% of parents cautiously accept vaccines,
while 20-30% are considered vaccine hesitant (defined as a delay in acceptance or refusal of
vaccination despite the availability of vaccination services).34®°

National surveys show that over half (54%) of parents have concerns about adverse
effects, while 11% report that children do not need vaccines for diseases that are no longer
common.®® The ‘fence sitters’, that is the 25-50% of parents with concerns about vaccines, may
particularly benefit from early interventions.®’ Parents consistently cite their child’s provider as
the most influential factor in their vaccine decision-making,3338-44 suggesting that there may be
an opportunity to identify and intervene through early and consistent parent-provider
communication. It is often unclear how to identify parents who may be vaccine hesitant,
however, instruments such as the Parent Attitudes About Childhood Vaccines survey (PACV),
which uses a 0-100 scoring system (100 indicates higher vaccine hesitancy) may help identify

future child immunization status.*

1.3 Socio-demographic Differences in Vaccine Decision Making: Description of Conceptual
Model

Vaccine acceptance varies by sociodemographic characteristics and socially patterned
differences in health behaviors, beliefs and access to health care. Two distinct groups of children
— children on the high end??273% and the low end?246%° of the socioeconomic (SES) spectrum -
have lower vaccination rates compared to the general population, albeit through different risk

factors and mechanisms.



Children living in poverty have historically had the lowest vaccination coverage and are
disproportionately affected by vaccine preventable diseases.??4°>° Poor vaccination coverage
among low SES families is associated with inadequate insurance,>*>® minority
race/ethnicity,?24748:5456 noverty,*6-8 rural residence*®45°8 and low maternal educational
level.*” Between 1989 and 1991, a measles outbreak in the U.S. resulted in 55,000 cases, 11,000
hospitalizations and 123 deaths, and almost exclusively affected unvaccinated racial and ethnic
minority children living in low-income communities.>*® Largely because of this measles
outbreak, a federal program called Vaccines for Children has provided free vaccines to under-
and uninsured children since 1994 and has been credited with narrowing disparities and
increasing overall vaccination coverage rates.®°-3

Although disadvantaged populations have a long history of low vaccination coverage in
the United States, the socioeconomic and racial divisions in vaccine uptake have shifted in recent
years. In the mid-1990s, a new phenomenon developed in which well-educated, high-income
parents began refraining from vaccinating their children, thereby joining the ranks of
impoverished families with respect to low vaccination coverage.?? Vaccine refusal and delay is
seen in all sociodemographic groups, but is most common among non-Hispanic white, English-
speaking, upper income, privately insured and college-educated parents.?227-2% In contrast to the
financial and logistical barriers faced by low-SES parents, high-income, well-educated parents
who opt out of vaccinations often make deliberate risk-benefit decisions based on the perceived
advantages of their child experiencing the natural disease, perceived risks of vaccines and beliefs
regarding vaccine effectiveness.?>2%% Parents may believe that vaccines are no longer necessary
and that vaccine-preventable diseases have decreased due to improvements in water, sanitation

and hygiene, rather than through vaccinations.®®



Social norms and peer influence based on one’s sociodemographic characteristics are
significant determinants of vaccine uptake. Analysis suggests that the most significant predictor
of vaccine decision making is the proportion of people in a subject’s social setting who promote
vaccine refusal or delay.?®®” Because neighborhoods in the U.S. are often segregated by income,
education level and race,%%° vaccine refusal and delay tends to cluster geographically by the
resulting social networks, creating pockets of children susceptible to VPDs, which then take root
and spread within the community and to other surrounding communities.*37%1 A
disproportionate number of index cases for recent VPD outbreaks have been among intentionally

unvaccinated children, which eventually spread to the larger community.?%:2%72

Figure 1.1 Conceptual model: Acceptance and uptake of recommended infant vaccines

Demographic & Social Characteristics
Maternal age, language, education, race/ethnicity, insurance status,
family income, urban-rural residence

Parental vaccine decision making | | Clinical risk factors
» Vaccine risk/benefit perception Birthweight, Gestational age
® Social norms
" Provider-parent communication

| }
[

| Receipt of HepB birth dose |

" Hospital visit characteristics ‘

‘ Timely receipt of routinely recommended infant vaccines

The conceptual model (Figure 1.1) depicts the above-described contextual factors and
demographic, social and clinical characteristics, which influence parental vaccine decision
making for the first recommended infant vaccine — the HepB birth dose — and ultimately the

timely receipt of other routinely recommended childhood vaccines.
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1.4 HepB Birth Dose Receipt and Receipt of Future Childhood Vaccines

HepB vaccination serves as a vital safety net against exposure to hepatitis B virus (HBV)
in infancy and later in life. HBV is a leading cause of chronic liver disease in the United States,
and an estimated 2.2 million U.S. residents are infected with HBV.”® Importantly, infants are
more susceptible to HBV compared to older age groups. Without post-exposure prophylaxis,
including HepB vaccination, up to 90% of infants infected at birth or in the first months of life
develop chronic HBV compared to 1-5% of infected adults and 30% of children under five years
of age.”*"" For these reasons, the ACIP recommends that all medically stable infants born
weighing >2000 grams receive the first dose of HepB vaccine within 24 hours of birth.”
Nationally, 74% of infants complete the HepB birth dose within three days of birth.

A key component of this dissertation is evaluating whether a missed HepB birth dose, in
conjunction with select maternal and infant characteristics, can serve as an early ‘red flag’ to
identify newborns at high risk for lower vaccine uptake. Although vaccine communication in the
outpatient setting often does not start until the 2-month pediatrician visit when multiple vaccines
are due, early identification of high-risk infants may prompt providers to initiate targeted
interventions, such as more intensive screening or earlier vaccine communication, before they
would otherwise do so. Given that parents consistently cite parent-provider communication as
the most influential aspect of their vaccine decision making®*284° it is reasonable to hypothesize
that effective vaccine communication during the 2-month window between a missing HepB birth
dose and when other recommended vaccines are due may help improve early childhood vaccine
uptake.

Finding new ways to identify the subset of parents at high risk for delaying or refusing

the HepB birth dose as well as subsequent vaccines is essential to individual and public health



and is particularly timely given the growing levels of vaccine hesitancy and resulting vaccine

preventable outbreaks.

1.5 Chapter 1 Summary

Childhood immunization provides important societal benefits by protecting both
individuals who are vaccinated and the wider community. This dissertation addresses important
gaps in the literature by evaluating infant and maternal characteristics associated with the first
vaccine on the U.S. Childhood Immunization schedule, the Hep B birth dose, and identifying
children at risk of subsequent under-receipt of recommended childhood vaccinations.
Specifically, we examined the sociodemographic, clinical and birth hospitalization
characteristics of infants who have received the HepB birth dose during their birth
hospitalization (Chapter 2), whether a timely HepB birth dose was associated with completing
the 7-vaccine series by 19 months of age (Chapter 3), and whether a statistical risk prediction
tool using timely HepB vaccine receipt, in conjunction with select maternal and infant
characteristics, can consistently identify infants at greater risk of missing recommended
childhood vaccinations (Chapter 4).

Our study results serve as a basis for identifying sub-populations of infants who may
benefit from targeted interventions to increase childhood vaccinations and could inform future
studies examining the underlying reasons for low vaccine uptake, research on potentially

modifiable factors, and interventions to maximize vaccine receipt.
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Chapter 2. Sociodemographic, Clinical and Birth Hospitalization Characteristics and Infant
Hepatitis B Vaccination in Washington State

Chapter 2.1 ABSTRACT

Objective: Hepatitis B (HepB) vaccine is recommended at birth; however, national coverage
estimates fall far below target levels. Studies describing the factors associated with infant HepB
vaccination are lacking. This study aimed to identify the sociodemographic, clinical and birth
hospitalization factors associated with timely receipt of the first HepB vaccine dose.

Study Design: This retrospective cohort study included Washington State infants born weighing
>2000 grams who received birth hospitalization care at an urban academic medical center
between January 2008-December 2013. Multivariable logistic regression was used to estimate
adjusted odds ratios (AOR) and 95% confidence intervals (CI) for associations between maternal
and infant characteristics and HepB vaccine receipt during the birth hospitalization.

Results: Of the 9,080 study infants, 75.5% received HepB vaccine during the birth
hospitalization. Infants had higher odds of being vaccinated during the birth hospitalization if
they were Hispanic (AOR 2.08; CI: 1.63, 2.65), non-Hispanic black (AOR 2.34; CI: 1.93, 2.84)
or Asian (AOR 2.70; CI: 2.22, 3.28) compared to non-Hispanic white. Infants with a Spanish-
vs. English-speaking mother (AOR 1.97; ClI: 1.46, 2.68), public vs. private insurance (AOR 2.01;
CI: 1.78, 2.29), and those hospitalized >96 hours vs. 24 to <48 hours (AOR 1.67; CI: 1.34, 2.09)
also had higher odds of vaccination.

Conclusions: Populations that are typically underserved (e.g., publicly insured, racial/ethnic
minorities) had higher odds of receiving HepB vaccine during the birth hospitalization. These
findings may aid in identifying high-risk infants who could benefit from targeted interventions to

increase initial HepB vaccination.
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2.2 INTRODUCTION

In 2005, the U.S. Advisory Committee on Immunization Practices (ACIP) recommended
that all medically stable infants born weighing >2000 g receive the first dose of Hepatitis B
(HepB) vaccine during their birth hospitalization. In 2016, the ACIP updated their guidance,
recommending HepB vaccination of these infants within 24 hours of birth.! HepB vaccine is
75% efficacious in preventing perinatal Hepatitis B virus (HBV) transmission when given within
this recommended timeframe (94% efficacy if combined with HepB immune globulin).t
Receipt of HepB vaccine shortly after delivery also increases the likelihood of completing the 3-
dose series,*® thus achieving optimal long-term protection against HBV.

Nearly 1,000 infants are perinatally infected in the U.S. annually.®” This is related to
multiple factors, including failure to identify HBV-infected mothers due to lack of testing for
HBV surface antigen (HBsAg) and errors in testing or reporting of maternal HBsAg results.® In
some cases, HBV-infected mothers are properly identified, but prophylaxis is not administered to
the infant.2 These findings underlie the national recommendation to administer a birth dose of
HepB vaccine to all infants as a safety net against exposures during the perinatal period and later
in life.}®

National data show that approximately 71% of U.S. newborns receive the first HepB
vaccine by 3 days of age® (i.e., a proxy measure for HepB vaccine administration during the
birth hospitalization due to lack of hospital-level data). Little is known about maternal, infant or
birth hospitalization factors affecting receipt of the first HepB vaccine. One previous study used
hospital-level data to evaluate maternal and infant characteristics and receipt of the HepB birth
dose.'* However, this study was small (n=259), and the variables were limited to maternal race

and language and infant sex. Another study assessed HepB birth dose receipt among a primarily
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Caucasian population in lowa.'?> The purpose of the current study was to identify
sociodemographic, clinical and birth hospitalization factors associated with the timing and
receipt of the first HepB dose with the goal of identifying risk factors for under-vaccination that

may be targeted in future interventions.

2.3 METHODS
Study Setting and Population

This retrospective cohort study was conducted at a large academic medical center in
Seattle, Washington. The study sample included infants who received birth hospitalization care
in the medical center’s newborn nursery, intermediate care nursery or neonatal intensive care
unit (NICU) between January 1, 2008 and December 31, 2013 and were documented to be
Washington State residents based on residential address. Infants who transferred to the study
medical center after birth and those without complete admission or discharge data were
excluded. From this larger cohort of infants (n=11,833), only those born at >2000 g were
included in the final study sample.

During the study period, the medical center had a written policy supporting HepB
vaccination of infants prior to hospital discharge based upon existing ACIP recommendations.
HepB vaccine was included in the routine newborn order set. No other vaccine-promoting
strategies (e.g., standing orders or provider alerts in the electronic medical record [EMR]) were
used.

Data Sources
Sociodemographic, clinical (including HepB vaccine administration), and birth

hospitalization data were retrospectively abstracted from study participants” EMR. To capture
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HepB doses given in other clinical settings after hospital discharge, EMR data were linked to the
participants’ vaccine records in the Washington State Immunization Information System
(WAIIS) using select identifiers and a standardized matching algorithm. Previous studies have
demonstrated that WAIIS is highly complete.'®* The Centers for Disease Control and Prevention
(CDC) estimates that >95% of Washington State children aged <6 years participated in WAIIS
during the study period, and a 2014 validation study in a large integrated health care organization
reported that only 1% of recorded vaccinations were missing in WAIIS.®** To maintain
consistency with national and state reporting standards,® the present study excluded infants with
no matching WAIIS record, <2 recorded doses (of any vaccine) by 19 months, or an inactive
WALIIS status (i.e., infant moved out of state). In the larger infant cohort from which the present
sample was obtained, 1,466 (12.4%) had incomplete or inactive WAIIS data.
Outcome Measures

The primary outcome of interest was HepB vaccine receipt during the birth
hospitalization. Secondary outcomes were HepB vaccine receipt within 24 hours, 3 days, or 30
days after birth or by 19 months (<580 days). The secondary timepoints allowed us to assess
adherence to past and current ACIP recommendations and compare our findings to previous
studies, including those using national data. The 24-hour and 3-day outcomes were assessed only
in a subset of infants born on or after October 19, 2010, which corresponded to the date when
time stamp data for vaccine administration became available in the medical center’s EMR.
Independent Variables
Maternal and Infant Sociodemographic Characteristics

Sociodemographic data included infant sex (male, female), insurance status (public,

private), and race/ethnicity. Race/ethnicity and maternal language were recorded at point of care
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by hospital staff. Race/ethnicity was categorized using U.S. Census Bureau classifications*® and
collapsed into Hispanic, non-Hispanic white, non-Hispanic black, Asian and multi-racial/other.
The latter included classifications of American Indian, Alaska Native, Native Hawaiian and
Pacific Islander due to small samples (n=103 total). Maternal language was categorized as
English, Spanish and other. Area-level income was measured for each patient based on the
median household income in his/her ZIP code. We used U.S. Census Bureau data'’ to stratify
ZIP codes into those below vs. at or above the Washington State median household income in
2010 ($54,888).18 Urban vs. rural residency was measured using Rural Urban Commuting Area
(RUCA) codes, a 10-point classification system which categorizes geographic areas as primarily
rural or urban based on census tract and commuting data. The institution’s ZIP code-to-census
tract crosswalk assignment and a 2-category classification (RUCA Type C)*® were used to assign
ZIP code-level RUCA designations for each study participant.
Clinical and Birth Hospitalization Characteristics

Preterm birth was defined as birth <37 weeks gestation.?® Sub-categories for gestational
age included extremely preterm (23-26 weeks), very preterm (27-31 weeks), moderate to late
preterm (32-36 weeks), or term to post-term (37-43 weeks). Length of the birth hospitalization
was calculated as hours between admission and discharge and categorized as <24 hours, >24 to
<48 hours, >48 to <96 hours, and >96 hours. Hospital service included the newborn nursery,
intermediate care nursery and NICU.
Statistical Analysis

Descriptive statistics were used to characterize the overall study sample. Bivariate chi-
square tests were used to detect associations between sociodemographic, clinical and birth

hospitalization characteristics and vaccine outcome measures. Multivariable logistic regression
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was used to assess factors associated with receiving HepB vaccine during the birth
hospitalization after adjusting for sociodemographic, clinical and birth hospitalization
characteristics. Included variables were determined a priori based on factors known or
suspected to be associated with HepB birth dose receipt.*?* To describe absolute and relative
differences, logistic regression and recycled predictions were used to estimate the adjusted
prevalence of outcomes based on sociodemographic, clinical and birth hospitalization
characteristics. P-values were based on two-tailed tests and considered significant at P<0.05.
Stata version 14.0 (Stata Corp. 2015, Stata Statistical Software, College Station TX) was used for
all analyses.

This study was approved by the Seattle Children’s Hospital and Washington State

Institutional Review Boards.

2.4 RESULTS

A total of 9,080 infants with a birth weight of >2000 g received birth hospitalization care at
the study medical center. Most were non-white, had an English-speaking mother, were publicly
insured, and lived in ZIP codes classified as urban or above-median household income (Table
2.1). Most infants were discharged from the hospital within 48 hours, received care in the
newborn nursery and were born at term/post-term gestation. The lowest gestational age at birth
was 28 weeks.
HepB Vaccination during Birth Hospitalization

Overall, 75.5% of infants received HepB vaccine during their birth hospitalization (Table

2.1). HepB vaccine rates fell slightly during the study period from 78.4% in 2008 to 74.6% in

2013, with the lowest rate in 2012 (73.3%) (Supplemental Figure 2.1).
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The odds of receiving HepB vaccine during the birth hospitalization were higher among
infants who were Hispanic, non-Hispanic black or Asian (vs. non-Hispanic white), had a mother
who spoke Spanish or another language (vs. English), were publicly (vs. privately) insured,
remained hospitalized for >96 (vs. 24 to <48) hours, or were on newborn service (vs.
intermediate care or NICU) (Table 2.2). Infant sex, multi-racial/other race/ethnicity, rural-urban
residence, median household income, and preterm delivery were not associated with HepB
vaccination during the birth hospitalization. Table 2.2 shows the adjusted prevalence and
absolute differences for HepB vaccination during the birth hospitalization, which suggest a range
in magnitude from 72% to 87% for race/ethnicity and 77% to 87% for maternal language. The
adjusted prevalence for HepB vaccine among infants discharged from their birth hospitalization
in <24 hours was 64% vs. 86% among those discharged >96 hours.

HepB Birth Dose Timing

In a subset of infants born on or after October 19, 2010 (n = 4,666, see Methods), 29.1%
received their first HepB dose within 24 hours (corresponding to 39.4% of those vaccinated
during the birth hospitalization), and 70.0% received the first dose within 3 days. Among all
infants, 82.8% received the first HepB vaccine dose within 30 days and 94.5% by 19 months.
The proportion of infants who received HepB vaccine at these time points is presented by
sociodemographic, clinical and birth hospitalization characteristics in Figures 2.1 and 2.2. In
general, infants who were non-Hispanic white, privately insured or had an English-speaking
mother received HepB vaccine later than infants in their respective referent groups. For
example, within 30 days of birth, three-quarters of non-Hispanic white infants were vaccinated,
while the proportions were much higher (>90%) among non-Hispanic black, Hispanic or Asian

infants. Similarly, 80.0% of infants born to English-speaking mothers were vaccinated within 30
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days vs. 94.5% of infants born to Spanish-speaking mothers, while 90.2% of publicly insured
infants were vaccinated within 30 days vs. 73.2% of privately insured infants.

Between 31 and 579 days of age, higher proportions of non-Hispanic white infants were
“catching up” with their first HepB vaccine dose compared to Hispanic, Non-Hispanic black, and
Asian infants (16.2% vs. 5.5-6.0%), privately vs. publicly insured infants (16.6% vs. 7.9%), and
infants of English- vs. Spanish-speaking mothers (13.4% vs. 5.4%) (data not shown). Thus, gaps
by these characteristics narrowed, although infants who were non-Hispanic white, had English-
speaking mothers, or were privately insured still had the lowest proportion of vaccination

coverage by 19 months (Figure 2.1).

2.5 DISCUSSION

This study offers unique insight into infant HepB vaccination through its evaluation of
detailed sociodemographic, clinical, and birth hospitalization information linked to state
immunization registry data in a large, diverse infant population from Washington State. Unlike
previous studies with limited ability to capture the precise timing of infant HepB vaccination, our
study revealed that only three-quarters of eligible infants received HepB vaccine during the birth
hospitalization, including 29% in the first 24 hours, and 70% within 3 days of birth. These rates,
which declined slightly during the 2008-2013 study period, fall far short of the Healthy People
2020 target of 85%.22 Importantly, this study described key patterns of HepB under-vaccination.
The HepB birth dose is the first vaccine given during childhood, and its receipt has been
associated with an increased likelihood of receiving other recommended vaccines by 35 months
of age.*> Further investigation and additional data are needed to allow us to fully understand the

underlying reasons for differences in HepB vaccine uptake across subgroups. However, by
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identifying infant sub-populations at risk for HepB under-vaccination, this study may inform
future interventions aiming to improve timely receipt of the HepB birth dose in accordance with
national recommendations.

In this study, infants who were non-Hispanic white, privately insured or had an English-
speaking mother were the least likely to receive HepB vaccination during the birth
hospitalization. Multiple factors could explain this finding. First, these sociodemographic
characteristics are consistent with those of parents who refuse or delay other early childhood
vaccines.”?* The degree to which vaccine hesitancy impacted our results is unknown since we
were unable to assess parental attitudes about HepB vaccine with the available data. However, a
prior study among hospital managers reported that common reasons for HepB vaccine refusal
during the birth hospitalization include a preference to receive the vaccine in the pediatrician’s
office, fear of vaccines in general, fear of vaccinating the newborn, and lack of understanding of
the seriousness of HBV infection.?®

The patients identified in our study as least likely to receive the HepB birth dose (e.g.,
non-Hispanic white, English-speaking) also fall into the demographic group at lowest risk for
maternal HBV infection.?®?” Differences in maternal HBV infection risk could influence
parental decision-making and provider vaccine communication. Specifically, parents may be
hesitant to vaccinate their newborn against a disease that they consider very low risk for mother-
to-baby transmission. Similarly, providers may be reluctant to strongly recommend HepB
vaccination to these patients during hospitalization due to the low perceived risk or, conversely,
may target other patients based upon their sociodemographics. Future research is warranted to
ascertain whether parental decision-making and provider communication are impacted by

perceptions of infection risk, particularly since the universal HepB birth dose is a critical safety
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net regardless of individual characteristics. It is worth noting that a third of those infected with
HBV have no known or acknowledged risk factors, and most are unaware of their infection.8:2
Moreover, the HepB birth dose also protects infants with subsequent exposure such as those who
unexpectedly need blood products.

In this study, infants who were publicly insured or a racial/ethnic minority — i.e., those
often least likely to receive necessary health services*®3! — were the most likely to receive the
HepB birth dose within the recommended timeframe. This finding is consistent with early work
assessing HepB birth dose receipt'!?? as well as 2016 National Immunization Survey data
demonstrating that, compared to children at or above the poverty level, children living in poverty
have lower coverage for nearly all recommended vaccines except the HepB birth dose, for which
they have higher coverage.’® Several factors may contribute to this finding. The structural and
financial barriers often faced by low-income families in obtaining vaccines are largely absent for
the HepB birth dose if it is administered during the birth hospitalization rather than later in an
outpatient setting. Common barriers to vaccination such as taking time off work for outpatient
clinic appointments® or lacking a usual source of primary care®* are obviated.

Strategies to improve timely HepB vaccination are needed. Potential interventions may
include provider alerts in the EMR and hospital standing orders for administration of HepB
vaccine beginning at birth.> A 2012 study found that 20% of birthing hospitals in Washington
State do not have both written policies and standing orders for routine HepB birth dose
vaccination.® Importantly, parents look to their child's healthcare provider for vaccine guidance
and parental vaccine acceptance is strongly influenced by provider communication.®¢-3® HepB
vaccine communication could be initiated early in the vaccine decision-making process,

including during pregnancy and shortly after delivery. Conversations between providers and
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families, particularly those who are vaccine hesitant, may be useful not only for receipt of the
first HepB vaccine, but also for future vaccine uptake.*°

This study has several limitations. First, provider level data were not available, and
although the medical center’s policy was to administer HepB vaccine to all eligible infants
before discharge, providers may have varied in their HepB vaccine-related practices, including
communication with families. Second, the medical center is a tertiary care referral center that
sees a high-risk patient population; thus, the study sample may over-represent higher risk infants.
Medically unstable infants are not eligible for HepB vaccine, even if full-term and normal
birthweight, and the dataset did not include a disease severity measure. However, we expect that
nearly all infants in the study population, regardless of hospital service, would have been
medically stable and thus eligible for HepB vaccination prior to discharge, with the exception of
a small number of infants transferred to outside facilities for further medical management (data
not available). Of note, current recommendations state that medically stable infants born
weighing <2000 g to HBsAg negative mothers should receive the first HepB dose at one month
of age or at hospital discharge, whichever comes first.1® Further investigation of HepB birth
vaccination in a larger cohort of vulnerable infants, including those <2000g, is needed.
Additionally, although we did not assess parental vaccine hesitancy, it is important to
acknowledge that Washington State has one of the nation’s highest non-medical vaccine
exemption rates.** Thus, our results may not be generalizable to hospital settings with lower
patient acuity or those serving a less hesitant population. Third, vaccine data may be
misclassified or misreported within the current data collection systems, although we expect this
to be minimal in our EMR as well as WAIIS based on documentation of high data quality.*>*

Fourth, our area-level estimates of median income and urban-rural residence are based on
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dichotomized residential ZIP codes and lack patient-level specificity, limiting our assessment of
socioeconomic and geographic factors as individual-level determinants of vaccine receipt. Fifth,
our data were collected before the ACIP’s 2016 recommendation to administer HepB vaccine
within 24 hours of birth. Further research is needed to examine adherence to this current
recommendation. Finally, we were unable to assess other reasons for missed opportunities (e.g.,
provider attitudes, systems-based factors), maternal HBsAg screening, or receipt of prenatal care,

which is an important predictor of infant vaccination.*?

2.6 CONCLUSION

Universal infant HepB vaccination is a key component of the national strategy to
eliminate HBV transmission in the United States.! This study is a first step in understanding the
risk factors associated with poor HepB birth dose uptake and may guide early identification of
infants who could benefit from targeted interventions. Future research is needed to assess
mechanisms underlying differences in HepB vaccine uptake across subpopulations, including
research assessing the potential role of parent factors (e.g., risk perceptions, vaccine concerns),
provider factors (e.g., recommendation strength, type), and/or systems factors (e.g., lack of
standing orders) contributing to missed vaccination opportunities. This information can then
inform the design and implementation of future interventions aiming to improve timely HepB

vaccination of infants.
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Table 2.1. Demographic, clinic and birth hospitalization characteristics in total sample and by HepB
vaccination status during the birth hospitalization

Patient characteristic Total study sample? Received HepB®  Did not receive HepBP
N=9,080 n=6,858 n=2,222

Sex
Male 4,649 (51.2) 3,493 (50.9) 1,156 (52.0)
Female 4,431 (48.8) 3,365 (49.1) 1,066 (48.0)

Race/ethnicity®

Hispanic 1,170 (14.6) 1,029 (16.8) 141 (7.5)
Non-Hispanic white 3,901 (48.7) 2,525 (41.2) 1,376 (73.2)
Non-Hispanic black 1,759 (21.9) 1,567 (25.6) 192 (10.2)
Asian 1,081 (13.5) 933 (15.2) 148 (7.9)
Multiracial/other 103  (1.3) 80 (1L.3) 23 (1.2)

Maternal language

English 6,486 (76.0) 4,652 (71.6) 1,834 (90.4)
Spanish 853 (10.0) 766 (11.8) 87 (4.3)
Other 1,190 (14.0) 1,083 (16.7) 107 (5.3)

Insurance status
Private 3,747 (44.2) 2,412 (37.6) 1,335 (64.3)
Public 4,737 (55.8) 3,996 (62.4) 741 (35.7)

Rural-urban residence
Rural 237 (2.6) 161 (2.4) 76 (3.4)
Urban 8,840 (97.4) 6,696 (97.7) 2,144 (96.6)

Income estimate
<$54,888 2,801 (31.0) 2,227 (32.7) 574 (26.0)
>$54,888 6,227 (69.0) 4,591 (67.3) 1,636 (74.0)
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Gestational age, weeks

27-31 16 (0.2) 9 (0.1) 7 (0.3)
32-36 968 (10.7) 681 (9.9) 287 (12.9)
37-43 8,093 (89.1) 6,166 (89.9) 1,927 (86.8)
Length of stay, hours
<24 820 (9.1) 412 (6.0) 408 (18.4)
>24 to <48 3,956 (43.6) 3,114 (45.4) 842 (37.9)
>48 to <96 3,296 (36.3) 2,580 (37.6) 716 (32.2)
>96 1,008 (11.0) 752 (11.0) 256 (11.5)
Medical service
Newborn nursery 7,266 (80.0) 5,707 (83.2) 1,559 (70.2)
Intermediate care nursery 1,330 (14.7) 1,011 (14.7) 319 (14.4)
NICU 484 (5.3) 140 (2.0) 344 (15.5)

All proportions shown in table are based on known data. Number and percentage of missing cases

from overall totals are as follows: Maternal race/ethnicity = 1,066 (11.7%); Maternal language = 551

(6.1%); Insurance status = 596 (6.6%); Rural-urban residence = 3 (0.03%); Income estimate = 52

(0.6%); Gestational age = 3 (0.03%)

HepB vaccine receipt during the birth hospitalization.
Race/ethnicity categorized using U.S. Census Bureau race/ethnicity classifications
(www.census.gov/prod/cen2010/briefs/c2010br.02pdf).
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Table 2.2. Adjusted odds ratios (OR), adjusted prevalence and 95% confidence intervals (CI) of
HepB vaccination during the birth hospitalization®

Patient characteristic

Adjusted OR

Adjusted prevalence®

(95% ClI)° % (95% CI)

Sex

Male 0.96 (0.86, 1.07) 79 (78, 80)

Female Ref 80 (78, 81)
Race/ethnicity

Hispanic 2.08 (1.63, 2.65) 84 (81, 87)

Non-Hispanic white Ref 72 (70, 74)

Non-Hispanic black 2.34 (1.93, 2.84) 86 (84, 88)

Asian 2.70 (2.22, 3.28) 87 (85, 89)

Multi-racial/other 1.56 (0.93, 2.61) 80 (72, 88)
Maternal language

English Ref 77 (76, 78)

Spanish 1.97 (1.46, 2.68) 87 (84, 90)

Other 1.80 (1.42, 2.27) 86 (83, 88)
Insurance status

Private Ref 72 (70, 74)

Public 2.01 (1.78, 2.29) 84 (83, 85)
Rural-urban residence

Urban Ref 79 (78, 80)

Rural 1.28 (0.91, 1.80) 83 (78, 89)
Income estimate

<$54,888 1.13 (0.99, 1.28) 81 (79, 82)

>$54,888 Ref 78 (77, 80)
Gestational age, weeks

27-31 1.60 (0.51, 5.02) 86 (71, 99)



32-36 1.30 (1.05, 1.62) 83 (80, 86)

37-43 Ref 79 (78, 80)
Length of stay, hours

<24 0.48 (0.40, 0.58) 64 (60, 68)

>24 to <48 Ref 79 (77, 80)

>48 t0 <96 1.09 (0.96, 1.23) 80 (79, 82)

>96 1.67 (1.34,2.09) 86 (84, 88)
Medical service

Newborn nursery Ref 82 (81,83)

Intermediate care nursery 0.61 (0.51,0.73) 74 (71, 77)

NICU 0.09 (0.07, 0.13) 31 (25, 36)

parameterized as listed in Table 1, including missing cases.

b. Bold denotes significance at p<0.05.
c. All p-values for adjusted prevalence are <0.001.
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Figure 2.1. Cumulative proportion of first HepB vaccine receipt within 3, 30 or 580 days of birth,

by demographic characteristics
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Figure 2.2. Cumulative proportion of first HepB vaccine receipt within 3, 30 or 580 days of birth,

by clinical and birth hospitalization factors

mWithin 3 days mWithin 30 days ~ Within 580 days

3 o

Received HepB (%)
DR T T - |
[ T o T e TR e TR e SO e TR s -]

W, o - ] o o
e e ) Pl g i 2 = vt
AR T & S
> ) «*“Q &
o o
e &
&
&
Gestational Age, weeks Length of Stay, hours Medical Service

32



Supplemental Figure 2.1. Trends in HepB vaccine receipt during the birth hospitalization,

2008-2013
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Chapter 3. Hepatitis B Birth Dose: First Shot at Timely Early Childhood Vaccination

Chapter 3.1 ABSTRACT

Introduction: Current U.S. recommendations state that newborns weighing >2,000 grams
should receive a birth dose of hepatitis B (HepB) vaccine, yet approximately one quarter do not
receive this first dose as scheduled. The relationship between timely receipt of the first HepB
vaccine and other early childhood vaccines remains unclear.

Methods: Washington State newborns (birth weight >2,000 grams) who received birth
hospitalization care at an urban academic medical center between 2008 and 2013 were included.
Multivariable logistic regression was used to assess whether HepB vaccine receipt during the
birth hospitalization was associated with completing the seven-vaccine series by 19 months,
adjusting for select sociodemographic, clinical, and birth hospitalization characteristics. Analyses
were conducted in 2017-2018.

Results: Of the 9,080 study participants, 75.5% received HepB vaccine during the birth
hospitalization, and 53.6% completed the seven-vaccine series by 19 months. Overall, 60.0% of
infants vaccinated against HepB during the birth hospitalization completed the seven-vaccine
series by 19 months compared with 33.8% of those who were unvaccinated at discharge
(p<0.001). The odds of series completion were nearly three times higher among infants who
received versus did not receive HepB vaccine during the birth hospitalization (AOR=2.92, 95%
Cl=2.61, 3.26).

Conclusions: Infants who received HepB vaccine during their birth hospitalization had higher
odds of receiving all recommended vaccines by 19 months independent of other factors

associated with vaccine receipt. Understanding the factors that influence this first parental
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vaccine decision and how HepB vaccine delay or declination may impact subsequent vaccination

requires further research.
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3.2 INTRODUCTION

The Advisory Committee on Immunization Practices recommends a seven-vaccine series
for all children by age 19 months,* yet nearly 30% of those aged 19-35 months nationally have
not received the full series.? Understanding the factors that influence vaccine uptake is key to
ensuring that children are protected against vaccine-preventable diseases and herd immunity
remains high enough to protect those too young or ill to be vaccinated. Investigation of a parent’s
first vaccine decision and its relationship with subsequent vaccine uptake could be valuable but
has been underexamined.

Limited studies have assessed the relationship between receipt of the first hepatitis B
(HepB) vaccine, which is recommended within 24 hours of birth for all medically stable
newborns weighing >2,000 grams,® and completion of other childhood vaccinations
recommended between ages 2 and 19 months. Studies conducted in the 1990s identified delayed
receipt of the first HepB vaccine as a risk factor for lower uptake of Haemophilus influenzae type
b, diphtheria—tetanus—(whole-cell or acellular) pertussis, poliovirus, and measles vaccines by age
35 months.*> More recent studies using state registries®’ and national survey data® demonstrated
that infants whose parents delay the HepB birth dose have lower uptake of routinely
recommended vaccines between ages 19 and 35 months. However, these previous studies were
based on parental report,* vaccine records available at the child’s home, or mailed surveys to the
child’s vaccine provider,*® did not assess all currently recommended vaccines,**8 or lacked
relevant demographic data®’ that are strongly associated with vaccination coverage.®*°

The current study, therefore, aims to assess whether HepB vaccination during the birth
hospitalization (as recommended during the study period) is associated with completing all

recommended vaccines by age 19 months using electronic medical record (EMR) and
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immunization registry vaccine data as well as more-comprehensive sociodemographic data than
included in previous studies. It is hypothesized that infants who receive timely HepB vaccine

will have higher vaccine completion by 19 months than those who do not.

3.3 METHODS
Study Sample

This retrospective cohort study included all Washington State infants born at >2,000
grams who received birth hospitalization care at the University of Washington Medical Center, a
large academic medical center in Seattle, Washington, between January 1, 2008 and December
31, 2013. The sample was limited by birth weight given distinct Advisory Committee on
Immunization Practices recommendations for HepB vaccination of infants born at <2,000
grams.® Infants without complete admission and discharge data and those who transferred to
University of Washington Medical Center after birth were excluded. The analyses were
conducted in 2017 and 2018. The study was approved by the Seattle Children’s Hospital and
Washington State IRBs.

Sociodemographic, clinical, and birth hospitalization data were retrospectively abstracted
from study subjects” EMR. Vaccine administration data, including doses given during the birth
hospitalization and after hospital discharge at affiliated practices were obtained from the EMR.
To capture doses given in other clinical settings after hospital discharge, select identifiers and a
standardized matching algorithm linked EMR data to the subjects’ vaccine records in the
Washington State Immunization Information System (WAIIS). Although providers are not
mandated to report to WAIIS, the Centers for Disease Control and Prevention estimates that at

least 95% of Washington children aged <6 years participated in WAIIS during the study
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period.* A 2014 validation study in a large integrated healthcare organization in Washington
State reported that only 1% of recorded pediatric vaccinations were missing in WAIIS.'> WAIIS
completeness may be enhanced by automated EMR data transfers, which comprise most (>95%)
of WAIIS data (PM DeHart, Washington State Department of Health, personal communication,
2019 and have higher accuracy than manual submissions.** Additionally, WAIIS records are
inactivated when children die or move out of state. Infants with incomplete or inactive WAIIS
records or fewer than two recorded doses (of any vaccine) by 19 months were not included in the

present study, consistent with national and state reporting standards.'*

Measures

The primary outcome was completion of the seven-vaccine series (four doses of
diphtheria—tetanus—(whole-cell or acellular) pertussis, three poliovirus, one measles—-mumps—
rubella, three Haemophilus influenzae type b, three HepB, one varicella, four pneumococcal) by
age 19 months. Secondary outcomes included receipt of individual vaccines within the seven-
vaccine series, rotavirus (two doses), and influenza (two doses) vaccines by 19 months. The 19-
month cut off (i.e., age <580 days) has been used previously to define timely vaccine receipt.’®

The main independent variable was HepB vaccine receipt during the birth hospitalization.
Subgroup analysis further evaluated HepB vaccine receipt within 3 or 30 days of birth. The 3-
day outcomes were assessed only in a subset of infants born on or after October 19, 2010, which
corresponded to the date when time stamp data for vaccine administration became available in
the medical center’s EMR. The 3-day cut point was selected because it is used as a proxy

measure in national data for HepB vaccine administration during the birth hospitalization. The
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30-day cut point was selected to capture infants medically ineligible to receive HepB vaccine
until age 1 month.?

Sociodemographic data included infant sex (male, female), insurance status (public,
private), race/ethnicity, maternal language, area-level income, and urban/rural residency status.
Race/ethnicity and maternal language were recorded at point of care by hospital staff.
Race/ethnicity was categorized using U.S. Census Bureau classifications® and collapsed into
Hispanic, non-Hispanic white, non-Hispanic black, Asian, and multiracial/other for parsimony
and interpretability. Maternal language was categorized as English, Spanish, and other. Area-
level income was measured for each patient based on the median household income in their ZIP
code using 2010 Census Bureau data.}” ZIP codes were stratified into equal quartiles with
household income ranging from $20,135 to $42,799 (Q1), $42,800 to $50,844 (Q2), $50,845 to
$62,239 (Q3), and $62,240 to $174,729 (Q4). Urban versus rural residency was measured using
Rural Urban Commuting Area codes, a 10-point classification system that categorizes
geographic areas as primarily rural or urban based on Census tract and commuting data. Rural
Urban Community Area designations were assigned for each study participant using the
institution’s ZIP code-to-Census tract crosswalk assignment and a two-category classification
(Type C).*°

Preterm birth was defined as birth at <37 weeks gestation,*® and term birth was defined as
37-43 weeks gestation. Length of the birth hospitalization stay was calculated as hours between
admission and discharge and categorized as <24 hours, >24 and <48 hours, >48 and <96 hours,
and >96 hours. Hospital service during the birth hospitalization included newborn nursery,

intermediate care nursery, and neonatal intensive care unit.
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Statistical Analysis

Logistic regression models were used to assess the relationship between HepB vaccine
receipt during the birth hospitalization (or within 3 or 30 days of birth) and receipt of vaccines
recommended by 19 months. In secondary analysis, separate multivariable logistic regression
models were fit to assess the relationship between HepB vaccine receipt during the birth
hospitalization and receipt of individual vaccines in the seven-vaccine series, rotavirus vaccine,
and influenza vaccine by 19 months. All models were first unadjusted and then adjusted for the
following characteristics known or suspected to be associated with childhood vaccination: infant
sex, race/ethnicity, maternal language, insurance status, rural-urban and income estimates,
gestational age, birth hospitalization service, and length of stay.®1%2° Stata, version 14.0 was
used for all analyses; p-values were based on two-tailed tests and considered significant at

p<0.05.

3.4 RESULTS

A total of 9,080 infants weighing >2,000 grams received birth hospitalization care at the
study hospital between 2008 and 2013. Infant sociodemographic, clinical, and birth
hospitalization characteristics are shown in Table 3.1 overall and across receipt of the seven-
vaccine series by 19 months in Appendix Table 3.3.

Overall, 75.5% of the study population received HepB vaccine during the birth
hospitalization, and 53.6% completed the seven-vaccine series by 19 months. Completion of the
seven-vaccine series increased slightly during the study period, from 51.7% in 2008 to 55.7% in

2013, with the lowest rate in 2010 (51.2%). Of those who received the HepB birth dose, 60.0%
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completed the seven-vaccine series by 19 months versus 33.8% who did not receive HepB
vaccine prior to hospital discharge (p<0.001).

The odds of seven-vaccine series completion by 19 months were higher among infants
who received versus did not receive the HepB birth dose in both unadjusted and adjusted models
(unadjusted OR=2.94, 95% CI=2.66, 3.25 [not shown]; AOR=2.92, 95% CI1=2.61, 3.26, Table
3.2). There was a significant association between HepB birth dose receipt and receipt of
individual vaccines in the seven-vaccine series and rotavirus and influenza vaccines by 19
months (Figure 3.1). The strength of association varied by vaccine type, with the lowest
association between HepB birth dose receipt and four-dose diphtheria—pertussis—tetanus series
completion (AOR=1.68, 95% CI=1.51, 1.88) and the highest association between HepB birth
dose receipt and three-dose HepB series completion (AOR=7.99, 95% C1=6.99, 9.16).

In the subset of infants born on or after October 19, 2010 (n=4,666; Methods section)
infants who received HepB vaccine within 3 days of birth had nearly threefold greater odds of
seven-vaccine series completion by 19 months versus those unvaccinated within 3 days (63.0%
vs 37.2%, p<0.001; AOR=2.92, 95% CI=2.51, 3.39). Most (98.0%) infants who received HepB
vaccine within 3 days were vaccinated during their birth hospitalization; the remaining infants
were vaccinated at other healthcare facilities after discharge. Infants who received HepB within
30 days of birth had fourfold greater odds of timely series completion versus those unvaccinated

within 30 days (59.4% vs 25.8%, p<0.001; AOR=4.40, 95% CI1=3.85, 5.02).

3.5 DISCUSSION
In this large statewide sample, a strong association was found between HepB birth dose

receipt and timely uptake of other recommended early childhood vaccines. Slightly more than
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half (53.6%) of the study population completed the seven-vaccine series by 19 months, and a
much higher proportion of those who received a timely HepB birth dose completed the series by
19 months (60.0%) compared with those who did not (33.8%). Infants who received HepB
vaccine during their birth hospitalization had much higher odds of completing the seven-vaccine
series by 19 months compared with infants who remained unvaccinated at their birth
hospitalization discharge. This effect remained after adjusting for infant characteristics known or
hypothesized to be associated with vaccine receipt.?’ These results indicate that failure to receive
a timely HepB birth dose could serve as a critical “red flag” to outpatient providers, identifying
infants early in the immunization process who are at high risk for low vaccine uptake and may
benefit from targeted interventions.

A major study strength was the ability to evaluate EMR vaccine administration data and
link these to state immunization registry data to assess vaccination coverage through 19 months.
Moreover, key sociodemographic, clinical, and birth hospitalization characteristics were captured
that could have confounded the association between timely receipt of HepB and subsequent
vaccine receipt. Previous studies have assessed HepB vaccine receipt within 3 days of birth® (i.e.,
as a proxy measure for HepB vaccine administration during the birth hospitalization owing to a
lack of hospital-level data), 7 days of birth,*” and 3 months of birth.®> Despite the methodologic
differences, the current findings mirror previous studies to consistently show that timely receipt
of the first HepB dose is associated with higher uptake of routinely recommended childhood
vaccines. In the current study, the markedly increased odds of HepB series completion may
simply reflect the fact that initiating HepB vaccination during the birth hospitalization provides a
head start for three-dose HepB series completion, which was similarly shown using National

Immunization Survey data.?
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The strong association between receiving the HepB birth dose and uptake of future
childhood vaccines identified in the present study suggests a need for targeted interventions
encouraging parental acceptance of the first HepB vaccine dose. However, potential barriers to
timely receipt of the first HepB vaccination exist. Previous research suggests that HepB vaccine
receipt during the birth hospitalization is lower among infants who are privately versus publicly
insured, have an English- versus Spanish-speaking mother, or are non-Hispanic white versus
other races/ethnicities.?’ Patients who are less likely to receive a timely HepB vaccination also
fall into the demographic group at lowest risk for maternal HepB virus infection,?? potentially
influencing parental decision making and provider vaccine communication. Yet, a timely HepB
birth dose may be the first step in establishing vaccination as the reference point and increasing
future vaccine compliance. Research suggests that completing an activity for the first time (e.g.,
vaccination) increases its acceptance and establishes the new activity as the default option.?>2
Consistent with this, a longitudinal study demonstrated significant decreases in maternal vaccine
hesitancy between a child’s birth and age 24 months?® and hypothesized that mothers’
confidence in vaccine safety and efficacy grew as their experience with vaccines accumulated.

Given that parents consistently cite their child’s provider as influential in vaccine
decision making,?"? provider-guided interventions including engagement in vaccine discussions
during (or potentially before) pregnancy, or during the 2-month window between a missing
HepB birth dose and when other recommended vaccines are due, could help improve early
childhood vaccine uptake. Research suggests that the most effective vaccine communication
strategies are a strong provider recommendation using a presumptive, rather than participatory
approach, pursing initial recommendations if a parent resists, and tailoring messages to address

the unique needs and concerns of each patient and family.?*! These communications should
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address previously identified barriers to HepB birth dose receipt including a preference to be
vaccinated in the provider’s office after birth hospitalization discharge, perceptions that an
individual baby is not at risk based on maternal health behaviors and history, and a lack of
understanding of the seriousness of hepatitis B virus infection.? Providers could also consider
utilizing evidence-based narratives of vaccine-preventable disease cases or describe why, as
parents, they chose to vaccinate their own children, which some parents may find more
compelling.®

Finally, given suboptimal vaccination rates and the fact that vaccination decisions can
occur as a result of status quo bias, in which people are hesitant to deviate from their current
baseline or a previously made decision,?®3*3 proad campaigns aimed at promoting a culture of
vaccine acceptance are indicated. Social media is frequently used by the anti-vaccine community
to question the necessity of newborn preventive care, such as Vitamin K injections and HepB
vaccination, and to downplay the potential harm of foregoing these procedures.*- Scientists
and public health professionals could similarly capitalize on the use of social media, especially in
light of recent vaccine-preventable disease outbreaks.3*4? In support of this, recent research
suggests that providing vaccine information via social media applications is an effective way to

increase vaccine knowledge during pregnancy and counteract anti-vaccine messaging.*

Limitations

This study has several limitations. First, use of EMR data may result in some
misclassification of race/ethnicity*? or other sociodemographic characteristics. Specifically, the
income estimates are based on area-level residential ZIP codes, which limits patient-level

specificity regarding the influence of socioeconomic determinants on vaccine receipt.
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Importantly, geographic clustering of under-vaccinated or unvaccinated children may be masked
by high overall vaccination coverage rates.**#4 Children on the low and high ends of the SES
spectrum are at greatest risk for poor vaccination coverage,*>*® albeit through different
mechanisms and risk factors. Low-income families are more likely to experience vaccination
barriers, including inadequate insurance coverage,*’ longer clinic wait times,* lack of reliable
transportation, and difficulty taking time off work for clinic visits.***° By contrast, privately
insured, high-SES parents who opt out of vaccines often make deliberate risk—benefit decisions
based on factors such as the perceived risk of experiencing the natural disease or concerns about
vaccine safety.>1->® Second, vaccine data may have been misclassified or misreported within the
data collection systems, although misclassification are expected to be minimal and non-
differential. Vaccine administrations (rather than orders) were captured in the EMR using a
standardized approach and routinely reported to WAIIS during the study period. Moreover,
WAIIS is a nearly complete reporting system with a high degree of internal validity,**2 although
some doses received during provider visits may have been missed given that provider reporting
is not mandated in Washington State. Third, University of Washington Medical Center sees a
high-risk patient population; thus, high-risk infants may be over-represented. Medically unstable
infants are not eligible for HepB vaccination, and the data set did not include a disease severity
measure. However, nearly all infants would have been eligible for HepB vaccine before their
birth hospitalization discharge. Medical eligibility would have minimal impact on coverage
estimates for future recommended vaccines given that <1% of school-aged children in
Washington State have medical exemptions for vaccines.>* It is also worth noting that
Washington State is one of 17 states that allows personal, philosophical, and religious

exemptions and has one of the highest non-medical exemption rates (3.9% vs 2.0%
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nationally).>*->® Thus, results may not be generalizable to settings with less vaccine-hesitant
populations. However, the degree to which vaccine hesitancy impacts the current findings is
unclear. HepB vaccine receipt within 3 days of birth?® was similar between the study sample and
nationally reported averages during the study period (70.0% vs 71.7%), whereas completion of
the seven-vaccine series was lower than national averages (53.6% vs 70.3%).2%%°" National data
for seven-dose series completion are based on children aged 19-35 months compared with the
19-month cut off used in the current study to assess timely adherence to national
recommendations, and these cut off differences likely explain the observed disparity in
vaccination coverage. In a sensitivity analysis, seven-vaccine series completion among children
aged 19-35 months was 67.6% (data not shown), similar to national data. Finally, maternal
HepB virus surface antigen screening, which could have contributed to decisions around HepB
vaccination timing, was not readily available in the EMR, and thus these data are not included in
the analyses. Data were also not collected on parental attitudes about childhood vaccination or
provider communication behaviors, which are important predictors of vaccination.3°2 The
relationship between HepB and future vaccination, in conjunction with these attitudes, warrants

further study.

3.6 CONCLUSIONS

A strong association was observed between HepB vaccination during the birth
hospitalization and timely uptake of all recommended vaccines by 19 months among Washington
State infants born between 2008 and 2013. Initiating early vaccine conversations, particularly

with hesitant parents, may help increase both HepB birth dose receipt and other recommended
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vaccines. Future studies should track failed HepB birth dose receipt as a red flag for missing

subsequent vaccines and develop early interventions to improve general vaccine uptake.
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Table 3.1. Characteristics of Study Population

Characteristics? n (%), N=9,080
Sex

Male 4,649 (51.2)

Female 4,431 (48.8)
Race/ethnicity

Hispanic 1,170 (14.6)

Non-Hispanic white 3,901 (48.7)

Non-Hispanic black 1,759 (21.9)

Asian 1,081 (13.5)

Multiracial/other 103 (1.3)
Maternal language

English 6,486 (76.0)

Spanish 853 (10.0)

Other 1,190 (14.0)
Insurance status

Private 3,747 (44.2)

Public 4,737 (55.8)
Rural-urban residence

Rural 237 (2.6)

Urban 8,840 (97.4)
Estimated household income®

$20,135-42,799 365 (4.0)

$42,800-50,844 1,109 (12.3)

$50,845-62,239 3,574 (39.6)

$62,240-174,729 3,980 (44.1)
Gestational age, weeks

<37 984 (10.8)

37-43 8,093 (89.2)
Birth hospitalization length of stay, hours

<24 820 (9.1)

>24 to <48 3,956 (43.6)

>48 to <96 3,296 (36.3)

>96 1,008 (11.0)
Birth hospitalization service

Newborn nursery 7,266 (80.0)

Intermediate care 1,330 (14.7)

Neonatal ICU°® 484 (5.3)

aAll proportions shown in table are based on known data. Number and percentage of missing
data are as follows: maternal race/ethnicity=1,066 (11.7%); maternal language=551 (6.1%);
insurance status=596 (6.6%); rural-urban residence=3 (0.03%); estimated household income=52
(0.6%); gestational age=3 (0.03%).
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bBased on 2010 U.S. Census Bureau ZIP code-level median household income.
°ICU, intensive care unit.
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Table 3.2. AOR and 95% CI of Seven-Vaccine Series Completion Within 19 Months of Birth?

Characteristics

AOR (95% Cl)

Patient characteristics
HepB vaccine receipt®

2.92 (2.61, 3.26)

Sex
Male
Female
Race/ethnicity
Hispanic
Non-Hispanic white
Non-Hispanic black
Asian
Multiracial/other
Maternal language
English
Spanish
Other
Insurance status
Private
Public
Rural-urban residence
Rural
Urban
Estimated household income®
$20,135-42,799
$42,800-50,844
$50,845-62,239
$62,240-174,729
Clinical and birth hospitalization characteristics
Gestational age, weeks
<37
37-43
Birth hospitalization length of stay, hours
<24
>24 to <48
>48 to <96
>96
Birth hospitalization service
Newborn nursery
Intermediate care
Neonatal ICU¢

1.02 (0.93, 1.11)
ref

1.00 (0.83, 1.21)
ref

0.95 (0.82, 1.09)
1.66 (1.43, 1.94)
0.81 (0.54, 1.22)

ref
1.74 (142, 2.14)
0.94 (0.81, 1.09)

1.78 (1.60, 1.99)
ref

1.00 (0.74, 1.35)
ref

0.88 (0.69, 1.12)
0.96 (0.83, 1.11)
0.98 (0.89, 1.08)
ref

0.97 (0.81, 1.17)
ref

0.75 (0.63, 0.89)
ref

0.94 (0.85, 1.04)
1.13(0.94, 1.34)

ref
0.89 (0.76, 1.04)
0.46 (0.36, 0.60)

Note: Boldface indicates statistical significance (p<0.05).
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aModels adjusted for all sociodemographic, clinical and birth hospitalization characteristics listed
in Table 1, including missing cases.

bHepB vaccine receipt during the birth hospitalization.

°Based on 2010 U.S. Census Bureau ZIP-code level median household income.

dICU, intensive care unit.
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Appendix Table 3.3 Study Participant Characteristics by Seven-Vaccine Series Completion
Within 19 Months of Birth®?
Did not receive seven-vaccine

Patient characteristics Received seven-vaccine

series, n=4,867, n (%)

series, n=4,213, n (%)

Sex
Male 2,501 (51.4) 2,148 (51.0)
Female 2,366 (48.6) 2,065 (49.0)
Race/ethnicity
Hispanic 693 (15.8) 477 (13.2)
Non-Hispanic white 2,039 (46.5) 1,862 (51.3)
Non-Hispanic black 879 (20.0) 880 (24.3)
Asian 729 (16.6) 352 (9.7)
Multiracial/other 47 (1.1) 56 (1.5)
Maternal language
English 3,476 (74.8) 3,010 (77.5)
Spanish 538 (11.6) 315 (8.1)
Other 630 (13.6) 560 (14.4)
Insurance status
Private 2,163 (47.3) 1,584 (40.5)
Public 2,410 (52.7) 2,327 (59.5)
Rural-urban residence
Rural 107 (2.2) 130 (3.1)
Urban 4,759 (97.8) 4,081 (96.9)
Estimated household
income®
$20,135-42,799 166 (3.4) 199 (4.8)
$42,800-50,844 581 (12.0) 528 (12.6)
$50,845-62,239 1,900 (39.2) 1,674 (40.0)
$62,240-174,729 2,195 (45.3) 1,785 (42.6)
Birth hospitalization
length of stay, hours
<24 315 (6.5) 505 (12.0)
>24 to <48 2,232 (45.9) 1,724 (40.9)
>48 to <96 1,793 (36.8) 1,503 (35.7)
>96 527 (10.8) 481 (11.4)
Birth hospitalization
service
Newborn nursery 4,045 (83.1) 3,221 (76.4)
Intermediate care 699 (14.4) 631 (15.0)
nursery
Neonatal ICU“ 123 (2.5) 361 (8.6)

2All proportions shown in table are based on known data. Number and percentage of missing
data are as follows: maternal race/ethnicity=1,066 (11.7%); maternal language=551 (6.1%);
insurance status=596 (6.6%); rural-urban residence=3 (0.03%); income estimate=52 (0.6%).
bGestational age removed due to exclusion of infants <2,000 grams.
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‘Based on 2010 U.S. Census Bureau ZIP code-level median household income.
4ICU, intensive care unit.
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Figure 3.1. Association between hepatitis B birth hospitalization dose receipt and completion of
recommended childhood vaccines? by age 19 months.

T-vaccine series -
DTP/DTaP (4) —
Polio (3) —
Measles (1) —
Hib (3) —
HepB (3) —
Varicella (1) —
Pneumococcal (4) —
Rotavirus (2) —
Influenza (2) —
1 2 3 4 5 & 7 & 9 10
AOR and 95% CIb©

aNumber of doses recommended for each vaccine listed in parentheses. The seven-vaccine series
is comprised of the following: diphtheria-tetanus-(whole-cell or acellular) pertussis (DTP/DTaP),
polio, measles-containing vaccine (Measles), Haemophilus influenzae type b (Hib), hepatitis B
(HepB), varicella, pneumococcal.

bEstimates adjusted for infant sex, race/ethnicity, maternal language, insurance status, rural—
urban and income estimates, gestational age, birth hospitalization service, and length of stay.
¢X-axis is shown in logarithmic scale.
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Chapter 4: A Risk Prediction Tool to Identify Newborns at High Risk for Missing Early
Childhood Vaccination

4.1 ABSTRACT
Background: Over one-quarter of children aged 19-35 months have not received recommended
vaccinations. We aimed to develop and validate a prediction tool to identify newborns at high
risk for missing early childhood vaccines.
Methods: A retrospective cohort of 9,080 infants born weighing >2000g at an urban academic
medical center between 2008-2013 were included. Risk models were constructed using
derivation and validation samples. K-fold cross-validation was used to identify adverse risk
factors for model inclusion based on alpha=0.01. Adverse risk factors were summed, creating a
score, and categorized as low (0-2 risk score), medium (3-4 risk score), and high (5-7 risk score)
risk. Logistic regression was used to evaluate the likelihood of not completing the 7-vaccine
series by age 19 months. The final model was tested using the validation sample.
Results: Overall, 53.6% of study infants failed to complete the 7-vaccine series by 19 months.
Missed hepatitis B vaccination during the birth hospitalization was the strongest predictor of 7-
vaccine series non-completion. The likelihood of 7-vaccine series non-completion was much
higher among infants in the high (77.1%; adjusted odds ratio [AOR] 5.6; 95% CI: 4.5, 6.9) and
medium (52.7%; AOR 1.9; 95% CI: 1.7, 2.1) vs. low-risk category (38.7%) in the derivation
sample. Similar results were observed in the validation sample.
Conclusions: Our prediction model using information readily available in birth hospitalization
electronic medical records consistently identified newborns at high risk for under-vaccination.
Early identification of high-risk families could be useful to providers as timely and targeted

vaccine interventions are initiated.
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4.2 INTRODUCTION

Childhood vaccination is the most effective way to prevent many infectious diseases at
individual and population levels.! Although overall vaccination rates remain high nationally,? the
rise of vaccine hesitancy>* coupled with recent outbreaks of vaccine preventable diseases>®
highlights the continued importance of promoting and increasing childhood vaccination

coverage.

Given wide variation in vaccine uptake by sociodemographic and clinical characteristics,’ it can
be difficult for clinicians to easily and accurately identify individual infants at risk for missing
future childhood vaccinations whose parents may benefit from targeted interventions. Risk
prediction models using patient characteristics to identify those at highest risk for adverse
outcomes and behaviors are increasingly used to complement clinical decision-making.'%*® Two
previous risk prediction models for childhood vaccinations have been reported, one to predict
vaccination coverage among preschool-age emergency department (ED) patients,!” and another
to predict receipt of select childhood vaccines among patients at urban, safety net community
health centers.'® The target populations and vaccinations assessed in these previous studies were
limited. To our knowledge, no population-based risk prediction models have been developed to
identify newborns at risk of future under-vaccination. A risk prediction tool based on readily
available variables could be integrated into clinical decision support to encourage the initiation
of interventions such as more intensive screening or earlier vaccine communication with parents

of infants identified as high risk for delaying or declining recommended childhood vaccinations.
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Our objective was to develop a clinically relevant statistical model using sociodemographic,
clinical and birth hospitalization characteristics to predict the risk of an infant failing to complete

the recommended 7-vaccine series® by 19 months of age.

4.3 METHODS

Study Sample and Setting

The study sample and setting has been described previously.?®?! In brief, all infants with a
birthweight >2000 grams who received birth hospitalization care between January 1, 2008 and
December 31, 2013 at the University of Washington Medical Center (UWMC), a large academic
medical center in Seattle, Washington, were included. All study participants were documented to
be Washington State residents based on residential address. Infants without complete admission
and discharge data and those who transferred to UWMC after birth were excluded. The study
was approved by the Seattle Children’s Hospital and Washington State Institutional Review

Boards.

Data Sources

Sociodemographic, birth hospitalization, and clinical data, including vaccine doses given during
the birth hospitalization, were retrospectively collected from electronic medical records (EMR).
Select identifiers and a standardized matching algorithm were used to link EMR data to vaccine
records in the Washington State Immunization Information System (WAIIS) in order to capture
vaccinations administered in other clinical settings after hospital discharge. Infants with <2
recorded doses of any vaccine or incomplete or inactive WAIIS records were excluded from the

present study, consistent with national and state reporting standards.??
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Measures

The primary outcome for the prediction model was failure to receive the recommended number
of doses of seven pediatric vaccines. This 7-vaccine series includes 4 doses of diphtheria-tetanus-
[whole-cell or acellular] pertussis (DTP/DTaP), 3 poliovirus, 1 measles-mumps-rubella, 3
Haemophilus influenza Type b, 3 Hepatitis B (HepB), 1 varicella, 4 pneumococcal conjugate
vaccines by age 19 months.!® The 19-month cut off (i.e., <580 days of age) has been used

previously to define timely vaccine receipt.?

Independent Variables

Maternal and Infant Sociodemographic Characteristics

Sociodemographic data included infant sex (male, female), maternal language (English, Spanish,
other), insurance status (public, private) and race/ethnicity. Race/ethnicity was categorized using
U.S. Census Bureau classifications?* and collapsed into Hispanic, non-Hispanic white, non-
Hispanic black, Asian and multi-racial/other. The latter included classifications of American
Indian, Alaska Native, Native Hawaiian and Pacific Islander due to small samples (n=103 total).
Urban vs. rural residency was measured using Rural Urban Commuting Area (RUCA) codes, a
10-point classification system which categorizes geographic areas as primarily rural or urban
based on census tract data and commuting information.? Area-level income was measured for
each patient based on the median household income in his/her ZIP code using 2010 Census

Bureau data.?® ZIP-level median household income was stratified into equal income quartiles.
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Clinical and Birth Hospitalization Visit Characteristics

HepB vaccine receipt during the birth hospitalization, as recommended by ACIP during the study
period, was assessed. Preterm birth was defined as birth at <37 weeks gestation®’ and term/post-
term birth was defined as birth between 37-43 weeks gestation. Birth hospitalization length of
stay was calculated as the number of hours between admission and discharge and categorized as
<24 hours, >24 and <48 hours, >48 and <96 hours and >96 hours. Medical service during the
birth hospitalization included newborn nursery, intermediate care nursery and neonatal intensive

care unit (NICU).

Statistical Analysis

An adverse risk model was derived based on a random sample of two-thirds of the study
population. Within the derivation sample, we used a k-fold cross-validation approach with k=5
folds, repeated 5 times, to iteratively create test and validation samples. Among each set of k-1
folds, backward regression was used to identify candidate variables for the adverse risk model.
All available variables (described above) were included. No assumptions were made as to the
magnitude or direction of the associations with non-completion of the 7-vaccine series; as such, a
two-sided alpha=.01 level was used given the large sample size. The predictive capacity of the
candidate variables from each regression were tested in the k™ fold using area under the ROC
curve (AUC), a common metric to evaluate model performance in this setting. This process was
repeated 5 times, creating 25 models and their associated error values. A best set of predictor
variables was defined as those comprising the top five models with the highest AUC. For each

variable from this set, the adverse category (that is, the category associated with higher
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likelihood of not completing the 7-vaccine series) was identified. Weighting was assigned by
comparing the average regression coefficients for each retained variable.

For each patient in the entire derivation set, the number of adverse risk factors was calculated,
creating an adverse risk score. Risk groups were established based on the observed distribution

and average regression coefficients to ascertain a best set of prediction variables.

We recognize that the initial (baseline) HepB vaccination was a component of the combined 7-
vaccine series outcome. Thus, we performed a sensitivity analysis in which we removed the 3-
dose hepatitis B series from the combined 7-vaccine series outcome and re-evaluated the defined

risk model.?®

All risk models were evaluated using logistic regression. Low risk was used as the reference
category for non-completion of the 7-vaccine series in the derivation set and then validated in the
independent validation sample of the remaining one-third of patients. Models were first
unadjusted and then adjusted to include unretained predictors, as the retained variables were
embedded in the risk score. P-values for the risk models were based on two-tailed tests and
considered significant at p<0.05 unless otherwise noted. Stata version 14.0 (Stata Corp. 2015,

Stata Statistical Software, College Station TX) was used for all analyses.

4.4 RESULTS
Cohort Characteristics
A total of 9,080 infants weighing >2000 grams received birth hospitalization care at the study

hospital between 2008-2013 and were included in the study. Two-thirds of the study population
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(n=6,053, 66.7%) was randomly assigned to the derivation sample and the remaining one-third
(n=3,027, 33.3%) to the validation sample. Sociodemographic, clinical and birth hospitalization
characteristics for infants in the derivation and validation samples are shown in Table 4.1. A
lower proportion of infants in the validation vs. derivation sample were born at <37 vs. 37-43
weeks gestation (p=0.01). The other characteristics were similar between the two samples. Non-
completion of the 7-vaccine series by age 19 months was 46.8% in the derivation sample and

45.7% in the validation sample (p=0.85).

Predictors of 7-Vaccine Series Non-Completion

Based on selection techniques, four candidate predictors (infant sex, income estimate, urban-
rural residence, gestational age) were removed from the final trimmed models, and six variables
were included in the final prediction model: race/ethnicity, maternal language, insurance status,
birth hospitalization length of stay, birth hospitalization medical service, and receipt of the HepB

vaccine during the birth hospitalization. The composite AUC for the top five models was 0.67.

Within the derivation sample, the strongest predictor for failing to complete the 7-vaccine series
by age 19 months was not receiving the HepB vaccine during the birth hospitalization (adjusted
odds ratio [AOR] 2.9; 95% CI: 2.5, 3.3) (data not shown). Other risk factors associated with
failure to complete the series included non-Hispanic white race/ethnicity, maternal language of
English, public insurance, birth hospitalization stay of < 24 hours, and NICU or progressive care
nursery medical service during the birth hospitalization. In contrast, predictors of 7-vaccine

series completion by age 19 months were Hispanic, Asian, Non-Hispanic black or multi-racial
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race/ethnicity, maternal language of Spanish or other language, private insurance, birth
hospitalization stay of >24 hours, and newborn nursery service during the birth hospitalization.
Using the six retained variables in the model, each infant’s predictors were summed and a risk
score assigned to each participant. HepB birth dose receipt contributed approximately twice the
predictive value of 7-vaccine series completion when compared to the average regression
coefficients of the other retained variables and, thus, was assigned twice the weight of all other
variables in the model. Results of the risk scores, based on the observed distributions, were used
to define three risk groups: low (0-2 risk score), medium (3-4 risk score), and high (5-7 risk
score). Most infants were in the low or medium-risk groups (58.5% and 32.2%, respectively)
with the remainder (9.3%) in the high-risk group (Table 4.1). Higher scores indicated an
increased risk of failing to complete the 7-vaccine series by age 19 months. For example, a
privately insured, Hispanic infant with a Spanish-speaking mother who received a timely HepB
birth dose and was discharged from the newborn nursery service > 24 hours would be considered
low risk (see scoring scheme in Table 4.2). In contrast, a non-Hispanic white infant with an
English-speaking mother, a missed HepB birth dose, and a birth hospitalization stay of < 24

hours would be considered at high risk for not completing the 7-vaccine series by age 19 months.

Table 4.3 shows the relationship between non-completion of the 7-vaccine series and risk group.
Within the derivation cohort, 38.7% of infants in the low-risk category failed to complete the
series by age 19 months compared to 52.7% and 77.1% of those in the medium- and high-risk

categories, respectively. Similar results were seen in the validation sample.

Likelihood of 7-Vaccine Series Non-Completion
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The adjusted odds of 7-vaccine series non-completion were much higher among infants in the
high (odds ratio [OR] 5.6; 95% CI: 4.5, 6.9) and medium (OR 1.9; 95% CI: 1.7, 2.1) vs. low-risk
category (Table 4.4). The sensitivity analysis, which assessed completion of the 6-vaccine series
(i.e., excluding HepB from the 7-vaccine series) showed similar results when comparing infants
categorized as high (AOR 4.3; 95% CI: 3.6, 5.3) and medium (AOR 1.6; 95% CI: 1.4, 1.8) vs.

low-risk.

4.5 DISCUSSION

In this study, a risk prediction model was developed and validated to estimate failure to complete
the recommended 7-vaccine series by age 19 months using sociodemographic, clinical, and birth
hospitalization information in a large, diverse infant population from Washington State. The risk
model was restricted to a small number of explicitly defined variables, which can be reliably
measured and easily obtained from the EMR during an infant’s birth hospitalization.
Considering that the 7-vaccine series is universally recommended, yet nearly 30% of children
aged 19-35 months have not received the full series,? a risk model that identifies a subset of
infants with a five-fold greater odds of non-completion may be highly beneficial for early

intervention.

Many studies report that infant and maternal characteristics and parental beliefs impact
childhood vaccine uptake.”#2%-3! Formal identification of infants at high risk for missing future
vaccines could be achieved through use of a risk prediction score based upon key factors.
However, prior risk models developed to predict individual-level vaccine uptake have reported

difficulty in ascertaining a usable model in their respective study populations. One study of
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Latino infants who received primary care services at safety net community health centers found
that the developed model could not reliably predict which infants would be under-immunized at
age 12 months.'® Another study, restricted to preschool age ED patients, reported that the
information readily available during an ED visit was not sufficient for accurate prediction of

under-vaccination.’

Importantly, our risk prediction model is the first to include timely receipt of the HepB birth
dose, which was the strongest predictor for completion of future vaccines in the current study,
and has been shown to be strongly associated with uptake of future childhood vaccinations in
previous research.?1:32-3 This first parental vaccine decision may reflect a variety of factors. For
example, parental declination could reflect a preference to receive the HepB vaccine in the
pediatrician’s office, perception of low infant risk for HepB infection, limited understanding of
HepB disease severity, vaccine safety concerns in the newborn period, or general vaccine
hesitancy.3"-% Qualitative research suggests that some pediatric practices already informally
screen for vaccine hesitancy based on acceptance or declination of the HepB vaccine during the
birth hospitalization.® This information is then used to alert practice staff of potential vaccine
hesitancy, allowing the practices to be prepared for the visit and tailor their vaccine counseling

strategies or schedule extra time for the first vaccination visit at age two months.3®

Formal screening through use of a validated risk prediction tool could more accurately and
efficiently identify newborns early in the vaccination process who may benefit from targeted
interventions, serving as a critical “red flag” for practices and providers. For example, it could

prompt providers to initiate a vaccine conversation with these families before they might
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otherwise do so. Parents consistently report that vaccine decisions and acceptance are strongly
influenced by their child’s healthcare provider.*°*? Research also suggests that there is a
spectrum of parental vaccine hesitancy and that communication approaches should be tailored
for each group depending on readiness to vaccinate.*® For instance, strategies such as eliciting
the parents” motivations to vaccinate while avoiding excessive persuasion and adversarial
debates are suggested for more hesitant parents, while offering decision aids may be helpful for
parents who selectively vaccinate.*® Thus, early knowledge of a newborn’s risk for future under-
vaccination may also help providers anticipate and tailor their communication approach with

individual families.

Limitations

This study has several limitations. First, external validation is considered the most stringent test
of a prediction model.***¢ Our model was internally validated, which may limit
generalizability.*”-*® This limitation may be partially compensated for by our use of a large
patient sample, an iterative cross-validation technique, and inclusion of a limited number of
predictors, all of which may enhance the quality of prediction models.>® Second, the moderate
predictive power of the current model suggests that major determinants of missed vaccinations
remain to be studied. Ideally, other important predictors of infant vaccination such as maternal
education, parental attitudes about childhood vaccination, and provider communication
behaviors®3°152 would be included. Although these and other factors are important indicators of
vaccine uptake, it may be impractical to routinely measure or obtain these data for all patients. It
is worth noting that Washington State has one of the highest non-medical exemption rates in the

U.S..% Thus, our results may not be generalizable to settings with a less vaccine hesitant
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population. Third, the medical center in our study is a tertiary care referral center that sees a
high-risk patient population, and the model does not adjust for disease severity. As such, high-
risk infants may be over-represented. This limitation may be mitigated by statistically adjusting
for birth hospitalization length of stay and medical service and by our exclusion of infants born
weighing <2000 grams. In addition, although HepB vaccine receipt—a key predictor in the risk
model—is not recommended for medically unstable infants,>* nearly all infants would have been
eligible for HepB vaccine before their birth hospitalization discharge. Fourth, infants born at
<2000 grams were excluded due to distinct ACIP recommendations for HepB vaccination of
these infants.>* Thus, the model is not applicable to low birth weight infants. However, fewer
than 3% of U.S. infants are born weighing <2000 grams,* potentially minimizing the impact of
this limitation. Finally, vaccine data may have been misclassified or misreported within the data
collection systems. Previous work suggests that WAIIS is a nearly-complete reporting system
with a high degree of internal validity,>®°” and the Centers for Disease Control and Prevention
estimates that at least 95% of Washington children aged <6 years were recorded in WAIIS

during the study period.%’

4.6 CONCLUSION

This study demonstrates that a prediction model using infant sociodemographic, clinical and
birth hospitalization data consistently identifies newborns at risk for under-vaccination by 19
months of age. Using a prediction tool for early identification of infants at high risk for missing
childhood vaccination could be useful to providers, prompting them to initiate targeted
interventions, including early vaccine communication with families. Risk prediction tools, such

as the Kaiser sepsis calculator,® and BiliTool, designed to assess risk for newborn
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hyperbilirubinemia,>®*° have been successfully implemented in newborn settings. Future studies
are needed to demonstrate how to best utilize this or a similar childhood vaccination prediction
tool in a clinical practice setting. Enhanced methods of identifying and counseling parents of
high-risk infants may be particularly timely given growing levels of vaccine hesitancy and

resulting vaccine preventable disease outbreaks.
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Table 4.1: Demographic, clinical and birth hospitalization characteristics of patients in the

derivation and validation cohorts, 2008-2013

Characteristic?

Derivation cohort

Validation cohort

N=6,053 (%) N=3,027 (%) p-value

Infant sex 0.85
Male 3,095 (51.1) 1,554 (51.3)

Female 2,958 (48.9) 1,474 (48.7)

Race/ethnicity 0.95
Hispanic 767 (14.4) 403 (15.0)
Non-Hispanic white 2,604 (48.8) 1,297 (48.4)
Non-Hispanic black 1,165 (21.8) 594 (22.2)

Asian 723 (13.6) 358 (13.4)
Multiracial/other 75 (1.4) 28 (1.0)

Maternal language 0.42
English 4,307 (75.9) 2,179 (76.3)

Spanish 557 (9.8) 296 (10.4)
Other 809 (14.3) 381 (13.3)

Insurance status 0.37
Private 2,477 (43.8) 1,270 (44.8)

Public 3,175 (56.2) 1,562 (55.2)

Rural-urban residence 0.89
Rural 157  (2.6) 80 (2.6)

Urban 5,894 (97.4) 2,946 (97.4)

Estimated household incomeP 0.16
$20,135 - 42,799 262 (4.4) 103 (3.4)
$42,800 - 50,844 734 (12.2) 375 (12.5)
$50,845 - 62,239 2,392 (39.7) 1,182 (39.3)
$62,240 — 174,729 2,630 (43.7) 1,350 (44.9)

Gestational age, weeks 0.01
<37 692 (11.4) 292 (9.7)

37-43 5,359 (88.6) 2,734 (90.4)

Birth hospitalization length of 0.81

stay, hours
<24 546  (9.0) 274 (9.0
>24 to <48 2,635 (43.5) 1,321 (43.6)
>48 to <96 2,192 (36.2) 1,104 (36.5)
>96 680 (11.2) 328 (10.8)

Medical service 0.07
Newborn nursery 4,802 (79.3) 2,464 (81.4)
Intermediate care 919 (15.2) 411 (13.6)

Neonatal ICU 332 (6.5 152 (5.0)

Received HepB vaccine® 4,584 (75.7) 2,274 (75.1) 0.53

Risk category? 0.82
Low 3,543 (58.5) 1,792 (59.2)

Medium 1,948 (32.2) 955 (31.6)
High 562 (9.3) 280 (9.3)

a. All proportions shown in table are based on known data in total study sample (n=9,080). Number and
percentage of total missing data are as follows: Maternal race/ethnicity = 1,066 (11.7%); Maternal language
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134

=551 (6.1%); Insurance status = 596 (6.6%); Rural-urban residence = 3; (0.03%); Income estimate = 52

(0.6%); Gestational age = 3 (0.03%).
Based on 2010 U.S. Census Bureau ZIP-code level median household income.

Received the HepB vaccine before birth hospitalization discharge.
Low risk category (0-2 risk score), medium (3-4 risk score), high (5-7 risk score)
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Table 4.2: Risk calculator for failure to complete the 7-vaccine series? by age 19 months

Infant Characteristic Points
HepB vaccination® No 2
Yes 0
Race/ethnicity Non-Hispanic (NH) white 1
Hispanic, Asian, NH black, multi-racial 0
Maternal language English 1
Spanish or other language 0
Insurance type Public 1
Private 0
Hospital service® NICU 1
Newborn/intermediate care 0
Length of stay® < 24 hours 1
> 24 hours 0

a. 4 doses of diphtheria-tetanus-[whole-cell or acellular] pertussis (DTP/DTaP), 3 poliovirus, 1 measles-
mumps-rubella, 3 Haemophilus influenza Type b, 3 HepB, 1 varicella, 4 pneumococcal conjugate vaccines
b. During birth hospitalization
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Table 4.3: Proportion of derivation and validation cohorts who did not complete 7-
vaccine series by age 19 months by risk category

Derivation cohort (N=6,053)

Validation cohort (N=3,027)

Risk category?

n % n %
Low 1,371/3,543 38.7 664/1,792 37.1
Medium 1,027/1,948 52.7 504/955 52.8
High 433/562 77.1 214/280 76.4

a. Low (0-2 risk score), medium (3-4 risk score), and high (5-7 risk score)
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Table 4.4: Odds ratios (OR) and 95% confidence intervals (CI) of 7-vaccine series non-completion by
age 19 months in the derivation and validation samples

Derivation sample (n=6,053) Validation sample (n=3,027)
OR (95% CI) OR (95% CI)
Risk Level?
Unadjusted Adjusted Unadjusted Adjusted
Low Ref Ref Ref Ref
Medium 1.8 (1.6, 2.0) 19(1.7,2.1) 1.9 (1.6,2.2) 1.9 (1.6,2.2)
High 5.3(4.3,6.5) 5.6 (4.5,6.9) 55(4.1,7.4) 55(4.1,7.5)

a. Low (0-2 risk score), medium (3-4 risk score), and high (5-7 risk score).
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Chapter 5. CONCLUSION
5.1 Summary of Findings

The overarching goal of this research was to identify subgroups of newborns at greatest
risk for low childhood vaccination coverage who might benefit from early and targeted
vaccination interventions. We examined whether timely receipt of the first HepB vaccine dose
varied by select infant and maternal characteristics (Aim 1) and, in turn, whether HepB
vaccination at birth was associated with completing all recommended childhood vaccines (see
Table 5.1) by age 19 months (Aim 2). Based on our findings, we developed and validated a risk
prediction model, which consistently identified newborns at risk for low vaccination coverage by
age 19 months (Aim 3). These three papers are presented in Chapters 2-4.

Taken together, the results suggest that the risk for low vaccination coverage is not
evenly distributed in the population and that specific sociodemographic, clinical and birth
hospitalization characteristics may indeed be associated with, and potentially predict, individual
vaccine uptake. Our findings point to timely receipt of the Hep B birth dose as the strongest
predictor of 7-vaccine series completion by age 19 months, in conjunction with select
sociodemographic characteristics, highlighting the birth hospitalization as a key potential

intervention lever. These studies generate new questions and avenues for future investigation.

5.1.1 Variation in HepB Birth Dose by Infant and Maternal Characteristics

Chapter 2 explored the infant and maternal characteristics associated with receipt of the
first HepB vaccination — the “birth dose” — which (during the study period) was recommended
during the birth hospitalization. We showed that populations that are typically underserved (e.g.,

publicly insured, racial/ethnic minorities) had a higher likelihood of receiving HepB vaccine
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during the birth hospitalization. Interestingly, infants who were the least likely to receive the
HepB birth dose (e.g., non-Hispanic white, with an English-speaking mother) fall into the
demographic group with the lowest risk for maternal hepatitis B virus (HBV) infection.! We
hypothesized that one reason for low HepB vaccination among this demographic subset may be
that parents are hesitant to vaccinate their newborn against a disease that they consider very low
risk for mother-to-baby transmission and that, similarly, providers may be reluctant to strongly
recommend HepB vaccination to these patients due to the low perceived risk. The socio-
demographics of this subset is consistent with vaccine hesitant populations,?* thus, these parents
may also have vaccine safety related concerns. Further study is needed to ascertain the impact, if
any, that perceptions of HBV infection risk may have on parental decision-making and provider
communication.

A better understanding of the underlying mechanisms that drive variation in HepB birth
dose uptake is needed in order to design optimal interventions aimed at improving timely infant
HepB vaccination. Potential interventions may include provider alerts in the electronic medical
record (EMR), hospital standing orders for the HepB birth dose and use of presumptive, rather

than participatory, provider recommendations.>®

5.1.2 Variation in 7-Vaccine Series Completion by Timely Receipt of the HepB Birth Dose

In Chapter 3, we evaluated whether HepB vaccine receipt during the birth hospitalization
was associated with completing the 7-vaccine series by 19 months. We found that newborns
who received HepB vaccine during their birth hospitalization were three times more likely to
receive all recommended vaccines by 19 months independent of other factors associated with

vaccine receipt. The results of our studies suggest that HepB vaccine receipt has the potential to
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serve as a “sentinel” vaccine to identify vaccine-hesitant parents early in the vaccination process.
Screening systems could be studied further and potentially developed into practical methods for

providers and practices to increase general vaccine uptake. The development of a risk prediction
model (Aim 3, below) may be the first step in this direction.

Finally, it is not apparent from the current results whether receipt of the HepB birth dose
itself influences future vaccination coverage or if acceptance of the HepB birth dose simply
reflects parental decisions about all childhood vaccinations. It is reasonable to assume that
receipt of one vaccine may make it easier to accept the next. Previous studies suggest that
completing an activity for the first time (e.g., vaccination) increases its acceptance and
establishes the new activity as the default option,”® and that maternal vaccine hesitancy
significantly decreases between a child’s birth and age 24 months, potentially as mothers’
confidence in vaccine safety and efficacy grows in tandem with their vaccine experiences.*®
Given suboptimal vaccination rates and the fact that vaccination decisions can occur as a result
of status quo bias, in which people are hesitant to deviate from their current baseline or a
previously made decision”*! broad campaigns aimed at promoting a culture of vaccine

acceptance are indicated.

5.1.3 Risk Prediction Model for Future Childhood Vaccines

The risk prediction model, described in Chapter 4, used newborn sociodemographic,
clinical and birth hospitalization data to predict individual vaccination coverage by age 19
months. Our prediction model provides a basis for evaluating an individual newborn’s likelihood

of completing recommended childhood vaccines. The risk prediction model was restricted to a
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small number (n=6) of explicitly defined variables, which are readily available in the EMR
during an infant’s birth hospitalization.

We envision that a risk prediction score could be calculated during the birth
hospitalization, then summarized in the hospital discharge paperwork, which is typically
forwarded to the primary care provider. For example, the hospital discharge paperwork would
state that the family declined HepB during the birth hospitalization and, based on other specified
sociodemographic and clinical risk factors, the infant’s risk of future vaccine delay or refusal is
“X” as calculated by the prediction score. Given that the risk score does not require extensive
calculations, it could be summed using a simple scoring scheme, or be further developed into a
user-friendly online calculator or incorporated into clinical decision support tools in the EMR at
the point of care (i.e., during the birth hospitalization). Future research is needed to determine
how to best implement, disseminate and evaluate the tool in clinical practice.

Future research is also needed to assess whether incorporating other important predictors
of vaccination such as maternal education, parental attitudes about childhood vaccination and
provider communication behaviors?® would improve the current prediction model. The model’s
generalizability would further be enhanced by external validation in an independent population.
It is possible that other populations would produce different results, and whether this is indeed
the case should be evaluated in future work.

In conclusion, this dissertation provides an important initial study into the association
between select infant and maternal characteristics, receipt of the HepB birth dose and completion
of future recommended childhood vaccinations. Our findings consistently identified timely
receipt of the Hep B birth dose as the strongest predictor of 7-vaccine series completion by age

19 months. Therefore, population-wide approaches to increase receipt of this critical first
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vaccination, with an emphasis on subgroups that may be particularly vulnerable to vaccine
hesitancy, may increase childhood vaccination coverage. Given the important role of parental
attitudes about vaccinations, a clearer understanding of the underlying mechanisms which

influence parental vaccine decision-making is needed in order to design and implement the most

effective interventions.
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Table 5.1. Recommended Immunization Schedule for Children Through 23 Months of Age—
United States, 20192

Rotavirus (RV) RV1 (2-dose
sarles); RVS (3-dose serles)

Diphtheria, tetanus, & acellular
pertussls (DTaP: <7 yrs)

Influenzae type b
(Hib)

Pneumococcal conjugate
(PCV13)

Inactivated poliovirus
(IPV: <18 yrs)

Influenza (1IIV)

or)

Influenza (LAIV)

Measles, mumps, rubella (MMR) - 4— 1* dose —»

Varlcella [VAR) 4 17dose—»

Annual vaccination 1 or 2 doses

Hepatitis A (HepA)

Meningococcal (MenACWY-D
=0 mos; MenACWY-CRM =2 mos)

Tetanus, diphtheria, & acellular
pertussis (Tdap: =7 yrs)

Human papillomavirus (HPV)

Pneumococcal polysaccharide

(PP5V23)
Range of recommended ages Range of recommended ages Range of recommended ages Range of recommended ages for non-high-risk groups that may No recommendation
for all children for catch-up iImmunization for certain high-risk groups receive vaccine, subject to individual clinical decision-making

a. For full schedule through 18 years of life and current notations see
https://www.cdc.gov/vaccines/schedules/downloads/child/0-18yrs-child-combined-

schedule.pdf
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