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ARTICLE INFO ABSTRACT

Arfiflf-’ history: Objective: Hepatitis B (HepB) vaccine is recommended at birth; however, national coverage estimates fall
Received 20 September 2018 far below target levels. Studies describing the factors associated with infant HepB vaccination are lacking.
Received in revised form 15 March 2019 This study aimed to identify the sociodemographic, clinical and birth hospitalization factors associated
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Available online 28 March 2019 with timely receipt of the first HepB vaccine dose.

Study Design: This retrospective cohort study included Washington State infants born weighing >2000 g
who received birth hospitalization care at an urban academic medical center between January 2008-

Keywords: December 2013. Multivariable logistic regression was used to estimate adjusted odds ratios (AOR) and
Newborn o . . . L
Hepatitis B 95% confidence intervals (CI) for associations between maternal and infant characteristics and HepB vac-

cine receipt during the birth hospitalization.

Results: Of the 9080 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; CI: 1.46, 2.68), public
vs. private insurance (AOR 2.01; CI: 1.78, 2.29), and those hospitalized >96 h vs. 24 to <48 h (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

Immunization practices

vaccination.
© 2019 Elsevier Ltd. All rights reserved.
1. Introduction weighing >2000 g receive the first dose of Hepatitis B (HepB) vac-
cine during their birth hospitalization. In 2016, the ACIP updated
In 2005, the U.S. Advisory Committee on Immunization Prac- their guidance, recommending HepB vaccination of these infants

tices (ACIP) recommended that all medically stable infants born within 24 h of birth [1]. HepB vaccine is 75% efficacious in prevent-
ing perinatal Hepatitis B virus (HBV) transmission when given

within this recommended timeframe (94% efficacious if combined

Abbreviations: ACIP, Advisory Committee on Immunization Practices; AOR, with HepB immune globulin) [1-3]. Receipt of HepB vaccine
Adjusted Odds Ratio; EMR, electronic medical record; HBsAg, Hepatitis B surface shortly after delivery also increases the likelihood of completing

antigen; ‘HBV, Hepatitis B viru;; HepB, Hepatitis B va}ccine; RUCA, Rural Urban the 3-dose series [4,5], thus achieving optimal long-term protec-
Commuting Area; WAIIS, Washington State Immunization Information System. tion aeainst HBV
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HBV-infected mothers due to lack of testing for HBV surface anti-
gen (HBsAg) and errors in testing or reporting of maternal HBsAg
results [8]. In some cases, HBV-infected mothers are properly iden-
tified, but prophylaxis is not administered to the infant [8]. 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 [1,9].
National data show that approximately 71% of U.S. newborns
receive the first HepB vaccine by 3 days of age [10] (i.e., a proxy
measure for HepB vaccine administration during the birth hospi-
talization 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 [11]. 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 Caucasian population in lowa [12]. 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. Methods
2.1. Study setting and population

This retrospective cohort study was conducted at a large aca-
demic 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.

2.2. Data sources

Sociodemographic, clinical (including HepB vaccine administra-
tion), and birth hospitalization data were retrospectively
abstracted from study participants’ EMR. To capture 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 iden-
tifiers and a standardized matching algorithm. Previous studies
have demonstrated that WAIIS is highly complete [13]. 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 [13,14]. To maintain
consistency with national and state reporting standards [15], the
present study excluded infants with no matching WAIIS record,
<2 recorded doses (of any vaccine) by 19 months, or an inactive
WAIIS status (i.e., infant moved out of state). In the larger infant
cohort from which the present sample was obtained, 1466
(12.4%) had incomplete or inactive WAIIS data.

2.3. Outcome measures

The primary outcome of interest was HepB vaccine receipt dur-
ing the birth hospitalization. Secondary outcomes were HepB vac-
cine receipt within 24 h, 3 days, or 30days 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-h and 3-day outcomes were assessed only
in a subset of infants born on or after October 19, 2010, which cor-
responded to the date when time stamp data for vaccine adminis-
tration became available in the medical center’s EMR.

2.4. Independent variables

2.4.1. Maternal and infant sociodemographic characteristics

Sociodemographic data included infant sex (male, female),
insurance status (public, private), and race/ethnicity. Race/ethnic-
ity and maternal language were recorded at point of care by hospi-
tal staff. Race/ethnicity was categorized using U.S. Census Bureau
classifications [16] 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 [17] 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 sys-
tem 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 classi-
fication (RUCA Type C) [19] were used to assign ZIP code-level
RUCA designations for each study participant.

2.4.2. Clinical and birth hospitalization characteristics

Preterm birth was defined as birth <37 weeks gestation [20].
Sub-categories for gestational age included extremely preterm
(23-26 weeks), very preterm (27-31 weeks), moderate to late pre-
term (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 h, >24 to <48 h,
>48 to <96 h, and >96 h. Hospital service included the newborn
nursery, intermediate care nursery and NICU.

2.5. Statistical analysis

Descriptive statistics were used to characterize the overall
study sample. Bivariate chi-square tests were used to detect asso-
ciations between sociodemographic, clinical and birth hospitaliza-
tion characteristics and vaccine outcome measures. Multivariable
logistic regression 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 [11,21]. 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, Col-
lege Station TX) was used for all analyses.
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This study was approved by the Seattle Children’s Hospital and
Washington State Institutional Review Boards.

3. Results

A total of 9080 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 house-
hold income (Table 1). Most infants were discharged from the hos-
pital within 48 h, received care in the newborn nursery and were
born at term/post-term gestation. The lowest gestational age at
birth was 28 weeks.

3.1. HepB vaccination during birth hospitalization

Overall, 75.5% of infants received HepB vaccine during their
birth hospitalization (Table 1). HepB vaccine rates fell slightly

Table 1
Demographic, clinic and birth hospitalization characteristics in total sample and by
HepB vaccination status during the birth hospitalization.

Patient characteristic Total study Received Did not
sample® HepB® receive HepB"”
N =9080 n=6858 n=2222
Sex
Male 4649 (51.2) 3493 (50.9) 1156 (52.0)
Female 4431 (48.8) 3365 (49.1) 1066 (48.0)
Race/ethnicity®
Hispanic 1170 (14.6) 1029 (16.8) 141 (7.5)
Non-Hispanic white 3901 (48.7) 2525 (41.2) 1376 (73.2)
Non-Hispanic black 1759 (21.9) 1567 (25.6) 192 (10.2)
Asian 1081 (13.5) 933 (15.2) 148 (7.9)
Multiracial/other 103 (1.3) 80 (1.3) 23 (1.2)
Maternal language
English 6486 (76.0) 4652 (71.6) 1834 (90.4)
Spanish 853 (10.0) 766 (11.8) 87 (4.3)
Other 1190 (14.0) 1083 (16.7) 107 (5.3)
Insurance status
Private 3747 (44.2) 2412 (37.6) 1335 (64.3)
Public 4737 (55.8) 3996 (62.4) 741 (35.7)
Rural-urban residence
Rural 237 (2.6) 161 (2.4) 76 (3.4)
Urban 8840 (97.4) 6696 (97.7) 2144 (96.6)
Income estimate
<$54,888 2801 (31.0) 2227 (32.7) 574 (26.0)
>$54,888 6227 (69.0) 4591 (67.3) 1636 (74.0)
Clinical and birth hospitalization characteristics
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 8093 (89.1) 6166 (89.9) 1927 (86.8)
Length of stay, hours
<24 820 (9.1) 412 (6.0) 408 (18.4)
>24 to <48 3956 (43.6) 3114 (45.4) 842 (37.9)
>48 to < 96 3296 (36.3) 2580 (37.6) 716 (32.2)
>96 1008 (11.0) 752 (11.0) 256 (11.5)

Medical service

Newborn nursery 7266 (80.0) 5707 (83.2) 1559 (70.2)
Intermediate care nursery 1330 (14.7) 1011 (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 per-
centage of missing cases from overall totals are as follows: Maternal race/ethnic-
ity = 1066 (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%).

b HepB vaccine receipt during the birth hospitalization.

€ Race/ethnicity categorized using U.S. Census Bureau race/ethnicity classifica-
tions (www.census.gov/prod/cen2010/briefs/c2010br.02pdf).

during the study period from 78.4% in 2008 to 74.6% in 2013, with
the lowest rate in 2012 (73.3%) (Supplemental Figure 1).

The odds of receiving HepB vaccine during the birth hospitaliza-
tion 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. pri-
vately) insured, remained hospitalized for >96 (vs. 24 to <48)
hours, or were on newborn service (vs. intermediate care or NICU)
(Table 2). Infant sex, multi-racial/other race/ethnicity, rural-urban
residence, median household income, and preterm status were not
associated with HepB vaccination during the birth hospitalization.
Table 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 vac-
cine among infants discharged from their birth hospitalization
in <24 h was 64% vs. 86% among those discharged >96 h.

3.2. HepB birth dose timing

In a subset of infants born on or after October 19, 2010
(n=4666, see Methods), 29.1% received their first HepB dose

Table 2
Adjusted odds ratios (OR), adjusted prevalence and 95% confidence intervals (CI) of
HepB vaccination during the birth hospitalization.”

Patient characteristic Adjusted OR Adjusted
(95% CI)° prevalence %
(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, 88)
Income estimate
<$54,888 1.13 (0.99, 1.28) 81 (79, 82)
>$54,888 Ref 78 (77, 80)
Clinical and birth hospitalization characteristics
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 to < 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 (0.07, 0.13) 31 (25, 36)

4 Models adjusted for all sociodemographic, clinical and birth hospitalization
characteristics parameterized as listed in Table 1, including missing cases.

b Bold denotes significance at p < 0.05.

¢ All p-values for adjusted prevalence are <0.001.
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within 24 h (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 pre-
sented by sociodemographic, clinical and birth hospitalization
characteristics in Figs. 1 and 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 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

mWithin 3 days

100

80

Received HepB (%)

o

TR

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 moth-
ers (13.4% vs. 5.4%) (data not shown). Thus, gaps by these charac-
teristics narrowed, although infants who were non-Hispanic
white, had English-speaking mothers, or were privately insured
still had the lowest proportion of vaccine coverage by 19 months
(Fig. 1).

4. 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 reg-
istry 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
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Fig. 1. Cumulative proportion of first HepB vaccine receipt within 3, 30 or 580 days of birth, by demographic characteristics.
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Fig. 2. Cumulative proportion of first HepB vaccine receipt within 3, 30 or 580 days of birth, by clinical and birth hospitalization factors.
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the birth hospitalization; 29% received a dose in the first 24 h, and
70% within 3 days of birth. These rates, which declined slightly dur-
ing the 2008-2013 study period, fall far short of the Healthy People
2020 target of 85% [22]. Importantly, this study described key pat-
terns 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 vac-
cines by 35 months of age [4,5]. Further investigation and addi-
tional data are needed to allow us to fully understand the
underlying reasons for differences in HepB vaccine uptake across
subgroups. However, by identifying infant sub-populations at risk
for HepB under-vaccination, this study may inform future interven-
tions 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. Mul-
tiple factors could explain this finding. First, these sociodemo-
graphic characteristics are consistent with those of parents who
refuse or delay other early childhood vaccines [23,24]. 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 the serious-
ness of HBV infection [25].

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 [26,27]. Differences in maternal HBV infection risk could
influence parental decision-making and provider vaccine commu-
nication. 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 reluc-
tant 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 net regardless of individual character-
istics. It is worth noting that a third of those infected with HBV
have no known or acknowledged risk factors, and most are una-
ware of their infection [28,29]. 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/eth-
nic minority - i.e., those often least likely to receive necessary
health services [30,31] - were the most likely to receive the HepB
birth dose within the recommended timeframe. This finding is con-
sistent with early work assessing HepB birth dose receipt [11,32]
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 [10]. Several factors may contribute to this finding. The
structural and financial barriers often faced by low-income fami-
lies 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 [33] or
lacking a usual source of primary care [34] 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 [1]. A 2012 study found that 20% of birthing hos-
pitals in Washington State do not have both written policies and
standing orders for routine HepB birth dose vaccination [35].
Importantly, parents look to their child’s healthcare provider for
vaccine guidance, and parental vaccine acceptance is strongly influ-
enced by provider communication [36-39]. HepB vaccine commu-
nication could be initiated early in the vaccine decision-making
process, including during pregnancy and shortly after delivery. Con-
versations between providers and 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 [40].

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 cen-
ter 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 vac-
cine, 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 hospi-
tal 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 med-
ical management (data not available). Of note, current recommen-
dations 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
[1,9]. Further investigation of HepB birth vaccination in a larger
cohort of vulnerable infants, including those <2000 g, is needed.
Additionally, although we did not assess parental vaccine hesi-
tancy, it is important to acknowledge that Washington State has
one of the nation’s highest non-medical vaccine exemption rates
[41]. Thus, our results may not be generalizable to hospital settings
with lower patient acuity or those serving a less hesitant popula-
tion. 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 documenta-
tion of high data quality [13,14]. Fourth, our area-level estimates
of median income and urban-rural residence are based on dichot-
omized residential ZIP codes and lack patient-level specificity, lim-
iting 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 admin-
ister HepB vaccine within 24 h 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 screen-
ing, or receipt of prenatal care, which is an important predictor of
infant vaccination [42].

5. Conclusion

Universal infant HepB vaccination is a key component of the
national strategy to eliminate HBV transmission in the United
States [1]. 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 interven-
tions. Future research is needed to assess mechanisms underlying
differences in HepB vaccine uptake across subpopulations, includ-
ing research assessing the potential role of parent factors (e.g., risk
perceptions, vaccine concerns), provider factors (e.g., recommenda-
tion strength, type), and/or systems factors (e.g., lack of standing
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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.

Conflict of interest

Dr. Annika Hofstetter previously received research support from
the Pfizer Independent Grants for Learning and Change. Dr. Janet
Englund receives research support from Gilead, Chimerix, MedIm-
mune, Novavax, and GlaxoSmithKline. Dr. Englund was a consul-
tant for Pfizer and Gilead and served on a data safety monitoring
board for GlaxoSmithKline. Sponsors were not involved in the
study design, data collection, analysis or interpretation, the writing
of the report or the decision to submit the manuscript for publica-
tion. The authors have no other conflicts of interest relevant to this
article to disclose.

Acknowledgements

The authors gratefully acknowledge colleagues at the Washing-
ton State Immunization Information System and Steve Senter and
Nicholas Dobbins at the University of Washington Institute of
Translational Health Sciences for their assistance on this study.

Funding source

Data collection was supported in part by the National Center for
Advancing Translational Sciences (Award UL1 TR002319). The fun-
der was not involved in the study design, data collection, analysis
or interpretation, the writing of the report or the decision to sub-
mit the manuscript for publication.

Contributors’ Statement

Ms. Oster conceived and designed the study, analyzed and
interpreted the data, and drafted and revised the manuscript. Dr.
Williams contributed substantially to the study design, analytic
approach, data interpretation, and manuscript review and revision.
Drs. Unger, Newcomb, Jacobson, deHart, and Englund contributed
to the study conception and design, data interpretation and critical
review of the manuscript. Dr. Hofstetter obtained and maintained
access to the data, was substantially involved in the study design,
data analyses, data interpretation, and manuscript revision and
review. All authors approved of the manuscript as submitted.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.vaccine.2019.03.050.

References

[1] Centers for Disease Control and Prevention. Prevention of hepatitis B virus
infection in the United States: recommendations of the advisory committee on
immunization practices. MMWR Morb Mortal Wkly Rep 2018;67(1).

[2] Beasley RP, Hwang LY, Lee GC, et al. Prevention of perinatally transmitted
hepatitis B virus infections with hepatitis B immune globulin and hepatitis B
vaccine. Lancet 1983;2(8359):1099-102.

[3] Lee C, Gong Y, Brok ], Boxall EH, Gluud C. Effect of hepatitis B immunisation in
newborn infants of mothers positive for hepatitis B surface antigen:
Systematic review and meta-analysis. BM] 2006;332(7537):328-36.

[4] Yusuf HR, Daniels D, Smith P, Coronado V, Rodewald L. Association between
administration of hepatitis B vaccine at birth and completion of the hepatitis B
and 4:3:1:3 vaccine series. JAMA 2000;284(8):978-83.

[5] Lauderdale DSOR, Goldstein KP, Daum S. Hepatitis B vaccination among
children in inner-city public housing, 1991-1997. JAMA 1999;282:1725-30.

[6] Ko SC, Fan L, Smith EA, Fenlon N, Koneru AK, Murphy TV. Estimated annual
periantal Hepatitis B virus infections in the United States, 2000-2009. ]
Pediatric Infect Dis Soc 2016;5(2):114-21.

[7] Smith EA, Jacques-Carroll L, Walker TY, Sirotkin B, Murphy TV. The national
Perinatal Hepatitis B prevention program, 1994-1008. Pediatrics 2012;129
(4):609-16.

[8] Anderson TA, Wexler DL. States report hundreds of medical errors in perinatal
Hepatitis B prevention: avoid tragic mistakes—vaccinate newborns against
HBV in the hospital. Immunization Action Coalition, 2003. <http://immunize.
org/catg.d/p2062.pdf> [accessed July 2018].

[9] American Academy of Pediatrics. Committee on Infectious Diseases.
Elimination of perinatal hepatitis B: providing the first vaccine dose within
24 hours of birth. Pediatrics 2017;140(3).

[10] Hill HA, Elam-Evans LD, Yankey D, Singleton JA, Kang Y. Vaccination coverage
among children aged 19-35 months - United States, 2016. MMWR Morb
Mortal WKkly Rep 2017;66(43):1171-7.

[11] Vasireddy D, Yusi D, Berrak SG, Lichtenberger J. Factors affecting refusal rates
of the birth dose of hepatitis B vaccine: a single center study. ] Pediatr Inf
2014;8:159-64.

[12] Myers HI, Spracklen CN, Ryckman KK, Murray ]JC. Retrospective study of
administration of vaccination for Hepatitis B among Newborn Infants Prior to
Hospital Discharge at a Midwestern Tertiary Care Center. Vaccine 2015;33
(20):2316-21.

[13] Jackson ML, Henrikson NB, Grossman DC. Evaluating Washington State’s
immunization information system as a research tool. Acad Pediatr 2014;14
(1):71-6.

[14] Centers for Disease Control and Prevention. Percentage of children aged < 6
years participating in an immunization information system - United States, five
cities and D.C.; 2013. <https://www.cdc.gov/vaccines/programs/iis/annual-
report-iisar/downloads/2013-data-child-map.pdf> [accessed July 2018].

[15] Murthy N, Rodgers L, Pabst L, Fiebelkorn AP, Ng T. Progress in childhood
vaccination data in immunization information systems - United States, 2013-
2016. MMWR Morb Mortal Wkly Rep 2017;66(43):1178-81.

[16] United States Census Bureau, Department of Commerce. Overview of race and
Hispanic origin; 2010. <https://www.census.gov/prod/cen2010/briefs/>
[accessed April 2018].

[17] University of Michigan, Institute for Social Research. Median Household
Income, 2006-2010. <https://[www.psc.isr.umich.edu/dis/census/
Features/tract2zip/index.html> [accessed May 2018].

[18] Washington State Office of Financial Management. Washington State and
county median household income estimates: 1989 to 2015 and projection for
2016. <http://www.ofm.wa.gov/economy/hhinc/medinc.pdf> [accessed July
2018].

[19] Rural Health Research Center. Rural Urban Commuting Areas. <http://depts.
washington.edu/uwruca/ruca-approx.php> [accessed July 2018].

[20] Quinn JA, Munoz FM, Gonik B, et al. Preterm birth: case definition and
guidelines for data collection, analysis, and presentation of immunisation
safety data. Vaccine 2016;34(49):6047-56.

[21] Mast EE, Margolis HS, Fiore AE, et al. A comprehensive immunization strategy
to eliminate transmission of hepatitis B virus infection in the United States:
Recommendations of the Advisory Committee on Immunization Practices
(ACIP). MMWR Recomm Rep 2005;54(RR-16):1-31.

[22] United States Department of Health and Human Services. Healthy People
2020. <https://www.healthypeople.gov/2020/topics-objectives/topic/
immunization-and-infectious-diseases/objectives> [accessed August 2018].

[23] Smith PJ, Chu SY, Barker LE. Children who have received no vaccines: who are
they and where do they live? Pediatrics 2004;114(1):187-95.

[24] Smith PJ, Humiston SG, Marcuse EK, et al. Parental delay or refusal of vaccine
doses, childhood vaccination coverage at 24 months of age, and the Health
Belief Model. Public Health Rep. 2011;126(2):135-46.

[25] New York State Department of Health. Perinatal Hepatitis B prevention
program  manual.  <https://www.health.ny.gov/diseases/communicable/
hepatitis/hepatitis_b/perinatal/docs/program_manual.pdf> [accessed May
2018].

[26] Walker TY, Smith EA, Fenlon N, et al. Characteristics of pregnant women with
hepatitis B virus infection in five U.S. public health jurisdictions, 2008-2012.
Public Health Rep 2016;131(5):685-94.

[27] Schillie S, Walker T, Veselsky S, et al. Outcomes of infants born to women
infected with hepatitis B. Pediatrics 2015;135(5):e1141-1147.

[28] Centers for Disease Control and Prevention. Viral Hepatitis Surveillance -
United States; 2010. <https://www.cdc.gov/hepatitis/statistics/
2010surveillance/commentary.htm> [accessed August 2018].

[29] Ocama P, Opio CK, Lee WM. Hepatitis B virus infection: current status. Am ]
Med 2005;118(12):1413.

[30] Berdahl TA, Friedman BS, McCormick MC, Simpson L. Annual report on health
care for children and youth in the United States: trends in racial/ethnic,
income, and insurance disparities over time, 2002-2009. Acad Pediatr 2013;13
(3):191-203.

[31] Leininger L, Levy H. Child health and access to medical care. Future Child
2015;25(1):65-90.

[32] O’Leary ST, Nelson C, Duran J. Maternal characteristics and hospital policies as
risk factors for nonreceipt of hepatitis B vaccine in the newborn nursery.
Pediatr Infect Dis ] 2012;31(1):1-4.

[33] Yang S, Zarr RL, Kass-Hout TA, Kourosh A, Kelly NR. Transportation barriers to
accessing health care for urban children. J Health Care Poor Underser 2006;17
(4):928-43.


https://doi.org/10.1016/j.vaccine.2019.03.050
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0005
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0005
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0005
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0010
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0010
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0010
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0015
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0015
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0015
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0020
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0020
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0020
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0025
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0025
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0030
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0030
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0030
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0035
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0035
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0035
http://immunize.org/catg.d/p2062.pdf
http://immunize.org/catg.d/p2062.pdf
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0045
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0045
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0045
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0050
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0050
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0050
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0055
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0055
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0055
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0060
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0060
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0060
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0060
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0065
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0065
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0065
https://www.cdc.gov/vaccines/programs/iis/annual-report-iisar/downloads/2013-data-child-map.pdf
https://www.cdc.gov/vaccines/programs/iis/annual-report-iisar/downloads/2013-data-child-map.pdf
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0075
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0075
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0075
https://www.census.gov/prod/cen2010/briefs/
https://www.psc.isr.umich.edu/dis/census/Features/tract2zip/index.html
https://www.psc.isr.umich.edu/dis/census/Features/tract2zip/index.html
http://www.ofm.wa.gov/economy/hhinc/medinc.pdf
http://depts.washington.edu/uwruca/ruca-approx.php
http://depts.washington.edu/uwruca/ruca-approx.php
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0100
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0100
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0100
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0105
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0105
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0105
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0105
https://www.healthypeople.gov/2020/topics-objectives/topic/immunization-and-infectious-diseases/objectives
https://www.healthypeople.gov/2020/topics-objectives/topic/immunization-and-infectious-diseases/objectives
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0115
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0115
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0120
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0120
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0120
https://www.health.ny.gov/diseases/communicable/hepatitis/hepatitis_b/perinatal/docs/program_manual.pdf
https://www.health.ny.gov/diseases/communicable/hepatitis/hepatitis_b/perinatal/docs/program_manual.pdf
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0130
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0130
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0130
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0135
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0135
https://www.cdc.gov/hepatitis/statistics/2010surveillance/commentary.htm
https://www.cdc.gov/hepatitis/statistics/2010surveillance/commentary.htm
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0145
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0145
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0150
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0150
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0150
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0150
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0155
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0155
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0160
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0160
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0160
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0165
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0165
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0165

5744 N.V. Oster et al. /Vaccine 37 (2019) 5738-5744

[34] Newacheck PW, Hughes DC, Stoddard ]J. Children’s access to primary care:
differences by race, income, and insurance status. Pediatrics 1996;97
(1):26-32.

[35] Washington State Department of Health. Evaluation of birthing hospitals on
perinatal hepatitis B prevention practices. <https://www.doh.wa.gov/Portals/
1/Documents/Pubs/348-432-HospitalTechRpt.pdf> [accessed August 2018].

[36] Wheeler M, Buttenheim AM. Parental vaccine concerns, information source,
and choice of alternative immunization schedules. Hum Vacc Immunother
2013;9(8):1782-9.

[37] Opel DJ, Heritage J, Taylor JA, et al. The architecture of provider-parent vaccine
discussions at health supervision visits. Pediatrics 2013;132(6):1037-46.

[38] Smith PJ, Kennedy AM, Wooten K, Gust DA, Pickering LK. Association between
health care providers’ influence on parents who have concerns about vaccine
safety and vaccination coverage. Pediatrics 2006;118(5):e1287-1292.

[39] Gust DA, Woodruff R, Kennedy A, Brown C, Sheedy K, Hibbs B. Parental
perceptions surrounding risks and benefits of immunization. Semin Pediatr
Infect Dis 2003;14(3):207-12.

[40] McClure CC, Cataldi JR, O’Leary ST. Vaccine hesitancy: where we are and where
we are going. Clin Ther 2017;39(8):1550-62.

[41] Centers for Disease Control and Prevention. Vaccination coverage among
children in kindergarten — United States, 2012-13 school year. MMWR Morb
Mortal Wkly Rep 2013;62(30):607-12.

[42] Kogan MD, Alexander GR, Jack BW, Allen MC. The association between
adequacy of prenatal care utilization and subsequent pediatric care utilization
in the United States. Pediatrics 1998;102(1):25-30.


http://refhub.elsevier.com/S0264-410X(19)30384-6/h0170
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0170
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0170
https://www.doh.wa.gov/Portals/1/Documents/Pubs/348-432-HospitalTechRpt.pdf
https://www.doh.wa.gov/Portals/1/Documents/Pubs/348-432-HospitalTechRpt.pdf
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0180
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0180
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0180
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0185
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0185
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0190
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0190
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0190
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0195
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0195
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0195
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0200
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0200
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0205
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0205
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0205
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0210
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0210
http://refhub.elsevier.com/S0264-410X(19)30384-6/h0210

	Sociodemographic, clinical and birth hospitalization characteristics and infant Hepatitis B vaccination in Washington State
	1 Introduction
	2 Methods
	2.1 Study setting and population
	2.2 Data sources
	2.3 Outcome measures
	2.4 Independent variables
	2.4.1 Maternal and infant sociodemographic characteristics
	2.4.2 Clinical and birth hospitalization characteristics

	2.5 Statistical analysis

	3 Results
	3.1 HepB vaccination during birth hospitalization
	3.2 HepB birth dose timing

	4 Discussion
	5 Conclusion
	Conflict of interest
	ack17
	Acknowledgements
	Funding source
	Contributors’ Statement
	Appendix A Supplementary material
	References


