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Effect of Combination Vaccines on Hepatitis B Vaccine
Compliance in Children in the United States
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Background: An increasingly crowded immunization schedule threatens
the completion and compliance of hepatitis B vaccinations (HepB), the pri-
mary method of hepatitis B prevention. Combination vaccines have been
proposed to alleviate this problem.

Methods: Data from the 2011 National Immunization Survey Public-Use
Data File were utilized (GSK study identifier: HO-11-770) to compare
HepB completion and compliance rates between 3 groups of children: those
who received HepB combination vaccine, those who received non-HepB
combination vaccine and those who received HepB single-antigen vaccine
only. Completion was defined as the accumulation of 3 HepB doses by 18
months. Compliance was defined as the receipt of vaccine doses within the
Advisory Committee on Immunization Practices’ recommended age ranges.
Results: Of a sample of 4,040,116 children, 39.4% received a HepB com-
bination vaccine, 43.0% received a non-HepB combination vaccine and
17.5% received a HepB single-antigen vaccine. Overall, 91.2% of children
completed all 3 recommended doses, but only 61.8% completed them at
age-appropriate times. Those receiving single-antigen only (odds ratio =
0.25, 95% confidence interval: 0.17-0.35) or non-HepB combination vac-
cines (odds ratio = 0.50, 95% confidence interval: 0.37-0.69) were substan-
tially less likely to complete 3 doses of HepB than those who received the
HepB combination vaccine.

Conclusions: Although completion rates were high, a large proportion of
children did not receive HepB doses at age-appropriate times. Combina-
tion vaccine was associated with both higher completion and compliance
outcomes compared with HepB single-antigen vaccine.
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he Advisory Committee on Immunization Practices (ACIP)
recommends 3 doses of hepatitis B vaccine (HepB): one at
birth, one at 1-2 months and one at 6-18 months.! Receipt of all
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3 doses produces adequate protection against hepatitis B virus for
98% to 100% of infants, whereas 80% to 95% are protected with 2
doses and 16% to 40% are protected after a single dose.> Between
2009 and 2013, the annual proportion of children who received all 3
doses by age 19-35 months (vaccine coverage) met or exceeded the
national Healthy People 2020 goal of 90%.* However, this meas-
ure does not take into account whether each dose was administered
in compliance with the age range for each dose recommended by
ACIP. Assessing age-appropriate receipt of doses allows for evalu-
ation of varying levels of protection between birth and 2 years. In
2013, 74.2% of children received a HepB dose within 3 days of
birth, indicating approximately one-quarter of children lacked pro-
tection at the earliest reccommended age.?

Evidence suggests a crowded and complicated childhood
immunization schedule may be burdensome to parents and providers,
in part leading to reduced vaccine completion and compliance.*” To
address these barriers, the ACIP recommends the use of combina-
tion vaccines, multiple antigens administered in the same syringe.®
Several studies have found that the use of combination vaccines
are associated with better HepB completion and compliance.”!!
Notably, one study found that children receiving the DTaP-HepB-
IPV combination vaccine (diphtheria, tetanus toxoid and acellular
pertussis plus HepB plus inactivated poliovirus) had a higher com-
pletion rate for the overall childhood vaccination series compared
with children who did not receive it."® Furthermore, 45.2% of the
DTaP-HepB-IPV cohort received all recommended vaccinations at
age-appropriate times, compared with 37.5% of those who did not
receive the DTaP-HepB-IPV vaccine. However, these findings may
not provide an accurate assessment of the effect of a HepB com-
bination vaccine as both the combination and comparison cohorts
could have received non-HepB combination vaccines that may have
concurrently influenced completion and compliance rates.

Gaining an understanding of the association between com-
bination vaccines and childhood vaccination completion and com-
pliance rates may provide further insight into the potential effec-
tiveness of future strategies involving vaccination modalities and
formulations to increase vaccination coverage. Therefore, the aim
of this study was to further isolate and quantify the effect of HepB
combination vaccines on vaccine completion and compliance rates
among young children in the United States.

MATERIALS AND METHODS
Using demographic and vaccination history data from a
nationally representative sample of children 24 to 35 months of age in
the United States, vaccine completion and compliance measures were
compared between 3 groups of children: those who received HepB
combination vaccine, those who received non-HepB combination
vaccine and those who received HepB single-antigen vaccine only.

Data Source

Data for this study (GSK study identifier: HO-11-770) were
taken from the 2011 National Immunization Survey (NIS), an annual
survey conducted by the Centers for Disease Control and Prevention
to assess vaccination coverage of children 19 to 35 months of age in
the United States.'? The NIS uses list-assisted random digit dialing to
contact a sample of households with children in the targeted age range
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to capture information on the child’s demographic characteristics and
vaccination history.”® This study analyzed data from the NIS Public-
Use Data File that includes sampling weights designed to adjust for
sampling bias and reflect the general US population. Detailed NIS
methods and institutional review board approval for data analysis are
reported elsewhere.'*!* This study was approved by RTI Internation-
al’s institutional review board (Federal-Wide Assurance #3331).

Eligibility Criteria

Children included in the sample were required to live in the
United States (excluding the US Virgin Islands), have an adequate
provider-reported vaccination history and received at least 1 dose of
HepB by 24 months. The NIS Public-Use Data File includes a variable
indicating whether a child for whom a household interview was com-
pleted has inadequate provider-reported data. Inadequate provider-
reported data are determined by meeting one of the following defi-
nitions: (1) failure to obtain parental or guardian consent to contact
the child’s vaccination provider; (2) inadequate information to contact
the provider; (3) provider nonresponse and (4) among those who had
multiple vaccination providers reported, less than 100% of providers
responded.'® To ensure full capture of HepB given during the first 24
months of life, children less than 24 months of age were excluded.
Only vaccines received between birth and 24 months were included
in the analysis. This capture period was used to align with methods in
other published studies of vaccine completion and compliance.® 1617

Study Cohorts

Children were assigned to 1 of 3 cohorts, (1) received at
least 1 HepB combination vaccine (BC); (2) received at least one
non-HepB combination vaccine and no HepB combination vaccine
(NBC) or (3) received single-antigen HepB vaccine only (SAO),
based on the type of vaccines received among their first 3 HepB
doses. Those who received fewer than 3 doses were assessed on all
HepB doses received.

Those who received at least 1 HepB combination vaccine
[either the Haemophilus influenzae type b (Hib) and HepB vaccine
(Comvax; Merck and Co., Inc., Whitehouse Station, NJ) or DTaP-
HepB-IPV (Pediarix™; GSK, Rixensart, Belgium)] were assigned to
the BC cohort. These children may or may not have received single-
antigen or non-HepB combination vaccines. Among the remaining
children, all had received at least one single-antigen HepB vaccine
and some had received a non-HepB combination vaccine (DTaP-IPV/
Hib). On closer examination, we found those who had received the
non-HepB combination vaccine not only differed demographically
but also had substantially different patterns of completion and compli-
ance compared with children who received only single-antigen HepB
vaccine. Therefore, among the remaining children, we assigned those
who received at least one dose of the non-HepB combination vaccine
(DTaP-IPV/Hib) to the NBC cohort and those who received only sin-
gle-antigen HepB vaccine to the SAO cohort. Figure 1 displays sample
selection and cohort classification methods.

Completion

Vaccine completion was defined as the total count of doses
received by 18 months, irrespective of the timing of the vaccina-
tions received. Completion was stratified by receipt of at least 3
doses (complete), 1 or 2 doses (partial) or none (never). Due to
sample inclusion criteria, the “none” category included children
who received at least one dose between 18 and 24 months.

Compliance

Vaccine compliance was defined as the receipt of each dose
within the ACIP-recommended age range (Table 1). Age ranges for
each dose were converted to days, ending at the greatest number

el190 | www.pidj.com

of days that could compose the given number of months in the
schedule. Doses received within a 4-day grace period before the
minimum acceptable age requirement were included in the analy-
sis, and those received before the grace period were excluded from
the analysis.

As first described by Luman et al,'!'® several variations
of compliance were assessed. The first measure consisted of cat-
egorizing children into mutually exclusive groups: full compli-
ance (received all 3 doses on time), 2 doses on time, one dose on
time or no doses on time. The second measure was the sum of the
total number of days the child was undervaccinated (missing an
expected dose according to the age and spacing requirements of
the ACIP schedule). Days during which the child was undervacci-
nated (regardless of the number of doses missing on that day) were
counted toward the total number of days undervaccinated until the
child was vaccinated or reached 24 months of age. Severe delay
was defined as 7 months or more of undervaccination.!” A measure
of late vaccination was defined as receipt of at least one HepB vac-
cine dose after the recommended age range and before 24 months.

Statistical Analysis

All analysis was conducted in SAS version 9.3 (SAS Insti-
tute, Inc., Cary, NC, 2011). Weighted percentages, means, stand-
ard errors and confidence intervals (Cls) were estimated using
survey procedures to account for the complex survey design. Dif-
ferences in completion and compliance between the study cohorts
were tested using ¢ tests for continuous variables and % tests for
categorical variables.

Multivariable logistic regression models were estimated for
3 binary outcome measures: vaccine completion (complete versus
incomplete), severe delay (7 or more months of undervaccination)
and late vaccination (at least one late dose). Demographic, house-
hold and provider characteristics as well as the assigned vaccine
cohort (BC, NBC, SAO) were included as covariates in each regres-
sion model.

RESULTS
An unweighted total of 27,305 households completed the
2011 NIS. Ofthese, 28.5% were excluded due to inadequate provider-
reported vaccination history data. Among those who were excluded
due to inadequate provider-reported vaccination history data, reasons
for inadequate provider data included lack of parental consent to con-
tact the child’s provider (73%) and provider nonresponse or incom-
plete response (27%)." An additional 23.8% were excluded on the
basis of age, location, or lack of combination or single-antigen HepB
vaccine by 24 months of age. The final unweighted size was 13,028
children, reflecting a weighted population of 4,040,116 children in
the United States. Among them, 708,663 (17.5%) were in the single
cohort, 1,738,950 (43.0%) were in the mixed cohort and 1,592,503

(39.4%) were in the combination cohort.

Household and Provider Characteristics

More than half of mothers were 30 years of age or older
(54.1%), married (62.8%) and educated beyond high school
(51.8%; Table 2). Approximately 58.5% of children were living
above the poverty level, 47.9% were non-Hispanic white and 49.8%
were covered by public health insurance (ie, Medicaid or the State
Children’s Health Insurance Program). Almost two-thirds of chil-
dren had a single vaccine provider, and more than half of providers
were in private practices.

The SAO cohort had a greater proportion of mothers who
were married, college graduates and above the poverty line compared
with both the NBC and BC cohorts (all P <.01). Furthermore, 71.9%
of the SAO cohort received vaccinations from a private provider
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FIGURE 1. Sample selection and
cohort classification. BC indicates
hepatitis B combination vaccine
cohort; DTaP-HepB-IPV, diphtheria,
tetanus toxoid and acellular pertussis
plus hepatitis B plus inactivated
poliovirus vaccine; DTaP-IPV/Hib,
diphtheria, tetanus toxoid and acellular
pertussis plus inactivated poliovirus
plus Haemophilus influenzae type b
vaccine; HepB, hepatitis B vaccine;
Hib-HepB, Haemophilus influenzae
type b plus hepatitis B vaccine; NBC,
non-hepatitis B combination vaccine
cohort; SAO, single-antigen hepatitis B
vaccine only cohort.
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TABLE 1. ACIP-Recommended Age Ranges for the
First 3 Doses of Hepatitis B Vaccine

Minimum Age in Days
Recommended Minimum Acceptable When Delay

Dose Age of Acceptable Interval to Count
Number Administration® AgeP Next Dose  Initiated®

1 Birth Birth 4 weeks 32

2 1-2 months 1 month 8 weeks 93

3 6-18 months 6 months — 580

“Doses given within 4 days before the minimum age are considered acceptable.

"Only monovalent vaccine can be used before 6 weeks of age; dose must be given at
birth before hospital discharge.

<Calculated from ACIP-recommended age ranges for each dose.'”*

ACIP, Advisory Committee on Immunization Practices.

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

compared with 56.1% of the NBC cohort (P < .001) and 49.1% of
the BC cohort (P < .001). In the SAO cohort, 39.3% were covered
by public health insurance compared with 53.8% of the NBC cohort
(P <.001) and 50.0% of the BC cohort (P < .001). Fewer children in
the BC cohort received vaccinations from a private provider (49.1%)
and fewer had public health insurance (50.0%) compared with children
in the NBC cohort (56.1% and 53.8%, respectively; both P <.05).

Completion

Overall, 91.2% of children completed 3 HepB doses, 8.6%
completed 1 or 2 doses and 0.3% received no doses by 18 months
of age (Table 3). The BC cohort had a higher completion rate of 3
doses (94.9%) compared with the NBC (90.8%) and SAO (83.6%)
cohorts (both P <.001).

www.pidj.com | el91

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Kurosky et al

The Pediatric Infectious Disease Journal ® Volume 36, Number 7, July 2017

TABLE 2. Background Child, Family and Provider Characteristics by Hepatitis B Vaccine Type

SAOvs. SAOvs. NBCuvs.
Total SAO* NBC» BCe NBC BC BC
Characteristics % LCL UCL % LCL UCL % LCL UCL % LCL UCL PValue PValue P Value
Maternal age .07 .004 .03
19 years or less 23 17 29 15 04 26 29 19 39 20 1.3 2.8
20 to 29 years 43.6 42.0 453 390 35.0 43.1 424 40.0 44.8 47.0 443 498
30 years or more 54.1 524 557 595 554 635 548 524 572 509 482 53.6
Maternal marital status .003 .002 .76
Not married? 37.2 355 389 309 27.0 348 382 357 407 388 361 416
Married 62.8 61.1 645 69.1 652 73.0 618 59.3 643 612 584 63.9
Maternal education <.001 <.001 .16
<12 years 194 180 209 164 13.0 19.7 19.6 173 21.8 20.7 183 23.1
12 years 28.8 27.1 305 219 184 254 30.0 27.3 326 306 279 333
>12 years, noncollege 21.7 204 229 182 151 213 215 19.7 234 234 213 255
graduated
College graduate 30.1 28.7 314 435 39.7 473 29.0 27.1 308 253 233 274
Census region 11 .07 .002
Northeast 158 15.0 16.7 185 162 20.8 16.4 148 179 140 126 154
Midwest 20.0 20.0 22.0 19.7 172 223 213 195 230 213 195 23.1
South 385 372 399 365 330 40.0 406 383 429 372 347 396
West 24.7 231 262 253 21.1 295 218 193 243 275 248 30.3
Poverty status <.001 <.001 .58
Below poverty line 359 343 376 260 225 294 389 364 414 371 344 398
Above poverty line 585 56.8 60.2 668 628 70.7 558 53.2 583 579 552 60.6
Unknown® 56 46 65 73 44 101 53 40 66 5.0 3.7 6.4
Number of children in .02 .04 .37
household
1 25.0 236 26,5 29.1 253 328 243 223 264 240 216 264
2o0r3 59.0 57.3 60.7 579 539 618 582 556 607 604 57.8 63.1
4 or more 16.0 146 173 131 103 159 175 151 198 156 138 174
Child’s race/ethnicity .02 .03 .06
Non-Hispanic white only = 47.9 46.3 49.6 48.7 44.8 52.6 484 459 508 472 445 4938
Non-Hispanic black only ~ 13.7 12.6 149 11.9 94 143 155 137 173 126 108 144
Non-Hispanic other and 107 9.6 119 142 110 173 99 85 11.3 10.1 8.2 12.0
multiple race
Hispanic 276 259 293 253 21.3 292 262 23.7 288 30.1 275 328
Child’s sex 47 .55 .88
Female 479 463 49.6 46.6 42.7 506 484 459 50.8 481 454 50.7
Male 52.0 504 53.7 534 494 573 516 492 541 519 493 546
Number of vaccination .81 A1 .09
providers for child
1 64.1 625 65.8 659 621 69.6 653 62.7 679 621 594 64.7
2 or more 359 342 375 341 304 379 347 321 373 379 353 406
Type of vaccination <.001 <.001 .002
providers for child
Private 56.1 544 578 719 683 754 56.1 535 58.7 49.1 464 518
Public 129 11.7 142 64 48 80 13.7 116 158 150 131 169
Other’ 31.0 294 325 21.7 184 251 302 28.0 324 359 333 385
Child covered by SCHIP <.001 <.001 .04
or Medicaid
No 50.3 486 519 60.7 56.7 64.7 46.2 43.8 487 50.0 47.3 527
Yes 49.8 481 514 393 353 433 538 51.3 56.2 50.0 473 527

3SAO: Received at least one single-antigen hepatitis B vaccine and no type of combination vaccine by 24 months of age.
"NBC: Received at least one single-antigen hepatitis B vaccine and at least one non-hepatitis B combination vaccine by 24 months of age.
“BC: Received at least one hepatitis B combination vaccine by 24 months of age.

dNever married, widowed, divorced, separated or deceased.

Interviewees who did not respond to household size or income questions during the household interview were assigned a poverty status “Unknown.”

#Other” provider types include those from the following facility types: multiple facilities; hospitals; military; Women, Infants and Children (WIC) clinics and unknown facility types.

BC indicates hepatitis B combination vaccine cohort; LCL, 95% lower confidence limit; NBC, non-hepatitis B combination vaccine cohort; SAO, single-antigen hepatitis B vaccine
only cohort; SCHIP, State Children’s Health Insurance Program; UCL, 95% upper confidence limit.

Compliance

Overall, 61.8% of children in the sample completed all 3
HepB doses at age-appropriate windows, 12.4% received 2 doses
on time, 20.7% received one dose on time and 5.1% received no
doses on time (Table 4). The NBC cohort had the highest propor-
tion of children receiving all 3 doses on time (69.4%) compared
with 57.5% (P <.001) in the BC and 53.0% (P <.001) in the SAO
cohorts. The proportion of children who received 3 doses on time
in the BC cohort did not significantly differ from the SAO cohort
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(P = .06). However, the BC cohort had a significantly smaller pro-
portion of children who received 2 doses on time (10.0%) com-
pared with the SAO cohort (18.3%; P <.001).

The mean time undervaccinated for the entire sample was
62.11 days [standard error (SE): 2.32]. The mean time undervacci-
nated in the SAO cohort was 107.70 days (SE: 7.50), more than twice
that of the NBC (53.13 days, SE: 3.50, P < .001) and BC cohorts
(51.63 days, SE: 2.90, P <.001). Among all children, 38.2% had at
least 1 day of undervaccination. The SAO cohort had a significantly
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TABLE 3. Hepatitis B Vaccine Completion by Vaccine Type
SAO vs. SAO vs. NBC vs.
Completion Total SAO: NBC® BC® NBC BC BC
at 18
Months % LCL UCL % LCL UCL % LCL UCL % LCL UCL P Value P Value P Value
All doses 912 902 921 83.6 807 866 90.8 894 922 949 93.6 96.2 <.001 <.001 <.001
1-2 doses 86 76 95 159 130 188 9.0 76 104 49 36 6.2 <.001 <.001 <.001
None! 03 01 04 05 01 08 02 00 04 02 00 05 23 .33 .88

2SAO: Received at least one single-antigen hepatitis B vaccine and no type of combination vaccine by 24 months of age.
PNBC: Received at least one single-antigen hepatitis B vaccine and at least one non-hepatitis B combination vaccine by 24 months of age.
“BC: Received at least one hepatitis B combination vaccine by 24 months of age.
dAll children included in the overall sample were required to have at least one dose of hepatitis B by 24 months of age. Completion was assessed at 18 months; therefore, children
who have 0 doses by 18 months received their first dose of hepatitis B vaccine sometime between 18 and 24 months.
BC indicates hepatitis B combination vaccine cohort; LCL, 95% lower confidence limit; NBC, non-hepatitis B combination vaccine cohort; SAO, single-antigen hepatitis B vaccine

only cohort; UCL, 95% upper confidence limit.

TABLE 4. Hepatitis B Vaccine Timeliness by Vaccine Type

SAO vs. SAOvs. NBCvs.
Total SAO* NBCP BCe¢ NBC BC BC
Characteristics LCL UCL LCL UCL LCL UCL LCL UCL PValue P Value P Value
Compliance with the ACIP-
recommended schedule (%)
All 3 doses received according 61.8 60.2 634 530 49.0 569 694 67.0 717 575 548 60.2 <.001 .06 <.001
to schedule
2 of 3 doses received according 124 113 134 183 152 215 121 10.6 136 100 85 115 <.001 <.001 .05
to schedule
1 of 3 doses received according 20.7 19.3 221 224 19.1 258 135 115 154 279 255 30.2 <.001 .01 <.001
to schedule
No doses received 51 43 59 6.3 45 80 51 40 62 47 33 6.0 .25 .16 .64
according to schedule
Days undervaccinated (d)
Mean 62.11 57.57 66.65 107.70 93.00 122.40 53.13 46.27 59.98 51.63 45.95 57.30 <.001 <.001 74
Standard error 2.32 7.50 3.50 2.90
Total number of days
undervaccinated (%)
0 days 61.8 60.2 634 53.0 49.0 569 694 670 71.7 575 548 60.2 <.001 .06 <.001
1-7 days 15 12 18 2.7 15 40 13 09 18 11 07 15 .01 .002 .50
8-31 days 23 18 28 4.0 24 56 21 15 27 18 11 24 .009 .002 .48
32 days to 2 months 16.1 149 17.3 12,7 103 151 115 9.9 132 226 204 24.8 42 <.001 <.001
3-6 months 108 9.7 119 138 106 170 82 6.8 9.7 122 104 14.1 <.001 .39 <.001
7-12 months 3.1 25 3.7 26 15 3.7 38 28 47 26 15 38 13 97 .15
More than 12 months 44 37 50 111 89 134 37 27 46 22 14 29 <.001 <.001 .02
Severe delay (%) 75 66 84 137 113 162 74 6.1 87 48 35 6.1 <.001 <.001 .009
Vaccinated late (%) 38.2 366 398 470 43.1 51.0 30.6 283 33.0 425 398 452 <.001 .06 <.001

aSAO: Received at least one single-antigen hepatitis B vaccine and no type of combination vaccine by 24 months of age.
"NBC: Received at least one single-antigen hepatitis B vaccine and at least one non-hepatitis B combination vaccine by 24 months of age.

“BC: Received at least one hepatitis B combination vaccine by 24 months of age.

ACIP indicates Advisory Committee on Immunization Practices; BC, hepatitis B combination vaccine cohort; LCL, 95% lower confidence limit; NBC, non-hepatitis B combination
vaccine cohort; SAO, single-antigen hepatitis B vaccine only cohort; UCL, 95% upper confidence limit.

higher proportion of children with more than 12 months undervac-
cinated (11.1%), compared with the NBC cohort (3.7%; P < .001)
and the BC cohort (2.2%; P < .001). Severe delay among the SAO
cohort (13.7%) was twice that of the NBC (7.4%; P < .001) and
nearly 3 times that of the BC cohorts (4.8%; P <.001).

Characteristics Associated With the Likelihood of
Full Completion, Severe Delay and Late Vaccination

Multivariable analyses (Table 5) revealed multiple factors
were related to key completion and compliance measures. In Model
1, children in the SAO cohort [odds ratio (OR) = 0.25, 95% CI:
0.17-0.35] or NBC cohort (OR = 0.50, 95% CI: 0.37-0.69) were
less likely to complete 3 HepB doses by 18 months than children in
the BC cohort (reference group). Other factors significantly associ-
ated with completion of all 3 doses of HepB included living in the
South (OR = 1.42, P = .03) and having 4 or more children in the
household (OR = 0.59, P =.006).

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

In Model 2, children in the SAO cohort were 3.45 times as
likely to have severe delay compared with children in the BC cohort
(P <.001), whereas children in the NBC cohort were 1.69 times as
likely (P =.003). In addition, those who had 4 or more children in
the household were more likely to have severe delay compared with
those with only one child (OR = 1.61, 95% CI: 1.07-2.41).

In Model 3, children in the NBC cohort had reduced odds
of having at least one late dose (OR = 0.60, P < .001) compared
with children in the BC cohort. In addition, having a mother
with 12 years of education compared with <12 years (OR = 0.76,
P =.03) and living in the Midwest (OR = 0.68, P < .001) or the
South (OR = 0.71, P < .001) compared with the Northeast were
associated with a reduced likelihood of having at least one late
dose. Whereas having 4 or more children in the household was
associated with an increased likelihood of having at least one late
dose (OR =1.37, P =.009).
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TABLE 5. Factors Associated With Completion and Compliance

Model 1 (Completion): Model 2 (Compliance): Model 3 (Compliance):
Completed 3 Doses by 18 Months?® Severe Delay® At Least One Late Dose®
Characteristics OR LCL UCL P Value OR LCL UCL P Value OR LCL UCL P Value
Vaccine type
BCt 1.00 1.00 1.00
SAO¢ 0.25 0.17 0.35 <.001 3.45 2.37 5.03 <.001 1.21 0.99 1.47 .06
NBCf 0.50 0.37 0.69 <.001 1.69 1.19 2.39 .003 0.60 0.51 0.70 <.001
Maternal age, years
19 years or less 1.00 1.00 1.00
20-29 years 0.60 0.19 1.89 .38 1.56 0.42 5.73 51 1.64 0.97 2.80 .07
30 years or more 0.59 0.18 1.90 .38 1.66 0.44 6.24 45 1.37 0.80 2.35 .26
Maternal marital status
Not marrieds 1.00 1.00 1.00
Married 1.34 0.96 1.86 .08 0.82 0.57 1.17 27 1.12 0.92 1.35 .26
Maternal education
<12 years 1.00 1.00 1.00
12 years 1.32 0.89 1.96 .16 0.75 0.49 1.14 .18 0.76 0.60 0.97 .03
>12 years, noncollege 0.89 0.58 1.37 .60 1.06 0.66 1.69 .81 0.88 0.69 1.13 .32
graduated
College graduate 1.31 0.85 2.04 22 0.83 0.51 1.34 44 0.93 0.71 1.22 .62
Census region
Northeast 1.00 1.00 1.00
Midwest 1.42 1.00 2.02 .05 0.72 0.49 1.05 .09 0.68 0.56 0.82 <.001
South 1.42 1.03 1.94 .03 0.74 0.53 1.05 .09 0.71 0.60 0.85 <.001
West 0.83 0.56 1.23 .35 1.29 0.85 1.97 23 1.01 0.81 1.27 93
Poverty status
Below poverty line 1.00 1.00 1.00
Above poverty line 1.02 0.70 1.47 .92 0.87 0.57 1.32 51 0.83 0.67 1.02 .08
Unknown" 0.52 0.31 0.90 .02 1.84 1.04 3.25 .04 1.15 0.79 1.68 .46
Number of children in
household
1 1.00 1.00 1.00
2or3 0.76 0.55 1.05 .09 1.26 0.90 1.77 .18 1.05 0.88 1.25 .59
4 or more 0.59 0.40 0.86 .006 1.61 1.07 2.41 .02 1.37 1.08 1.74 .009
Child’s race/ethnicity
Non-Hispanic white only 1.00 1.00 1.00
Non-Hispanic black only 0.91 0.62 1.33 .61 1.08 0.70 1.67 73 1.09 0.87 1.36 47
Non-Hispanic other and 1.30 0.82 2.08 27 0.85 0.52 1.39 51 0.97 0.76 1.25 .81
multiple race
Hispanic 1.29 0.88 1.89 .19 0.83 0.55 1.25 .38 0.89 0.73 1.09 .26
Child’s sex
Female 1.00 1.00 1.00
Male 0.95 0.76 1.20 .68 0.99 0.78 1.27 .95 0.97 0.84 1.11 .62
Number of vaccination
providers for child
1 1.00 1.00 1.00
2 or more 0.84 0.65 1.09 .19 1.08 0.81 1.44 .59 0.98 0.84 1.15 .81
Type of vaccination
providers for child
Private 1.00 1.00 1.00
Public 0.72 0.49 1.05 .09 1.32 0.86 2.03 .20 1.27 1.00 1.60 .05
Other! 0.83 0.62 1.11 .20 1.37 1.00 1.88 .05 1.05 0.89 1.25 .56
Child covered by SCHIP
or Medicaid
No 1.00 1.00 1.00
Yes 1.22 0.83 1.78 31 0.72 0.48 1.10 13 0.82 0.67 1.00 .05

2The reduced model included vaccine series type, marital status, education, poverty status, number of children in the household and census region.

*The reduced model included vaccine series type, poverty status and census region. Severe delay is defined as 7 months or more of undervaccination.

“The reduced model included vaccine series type, poverty status, maternal age, number of children in the household, insurance type and census region.

4BC: Received at least one hepatitis B combination vaccine by 24 months of age.

°SAO: Received at least one single-antigen hepatitis B vaccine and no type of combination vaccine by 24 months of age.

NBC: Received at least one single-antigen hepatitis B vaccine and at least one non-hepatitis B combination vaccine by 24 months of age.

eNever married, widowed, divorced, separated or deceased.

hnterviewees who did not respond to household size or income questions during the household interview were assigned a poverty status “Unknown.”

“Other” provider types include those from the following facility types: multiple facilities; hospitals; military; Women, Infants and Children (WIC) clinics and unknown facility types.

BC indicates hepatitis B combination vaccine cohort; LCL, 95% lower confidence limit; NBC, non-hepatitis B combination vaccine cohort; OR, odds ratio; SAO, single-antigen
hepatitis B vaccine only cohort; SCHIP, State Children's Health Insurance Program; UCL, 95% upper confidence limit.

DISCUSSION combination vaccine (BC cohort) were demographically similar to

Overall, we found the vast majority of children received all 3 those who received a non-HepB combination vaccine (NBC cohort).

doses of vaccine by 18 months of age. Those who received the HepB However, the demographics of children receiving only single-antigen
e194 | www.pidj.com © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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vaccine (SAO cohort) differed significantly from both groups. A
higher proportion of children receiving single-antigen vaccine only
were living above the poverty level, receiving vaccines from private
providers and not enrolled in public health insurance. These charac-
teristics are consistent with the profile of unvaccinated children'® and
parents who intentionally refuse or delay their child’s vaccines.*2022

In the United States, the completion rate of 3 HepB doses
by 18 months of age has remained above 90% over the past sev-
eral years, which is consistent with the present study’s findings. As
expected, when stratified by vaccine type, completion rates were
much higher for children who received at least one combination
vaccine than for those who received only single-antigen vaccine.
Furthermore, multivariable logistic regression analyses indicated
the effect of receiving HepB combination vaccine was associated
with a greater likelihood of completing all 3 doses by 18 months
compared with the other groups. Happe et al'®!! found that the
DTaP-HepB-IPV combination vaccine was associated with greater
completion and compliance of the recommended childhood vac-
cination series and specific antigens when compared with children
who did not receive that combination vaccine. A study by Marshall
et al’ reported any HepB combination vaccine (DTaP-HepB-IPV
or HepB-Hib) was associated with increased coverage of several
individual vaccines and the full recommended childhood vaccina-
tion series. However, these studies did not take into account the
potential effect of non-HepB combination vaccines on compliance
measures, thus making interpretation of the association between
HepB combination vaccines and compliance difficult.

In the present study, we found that although the NBC group
had reduced odds of completion compared with the BC group,
the odds of completion for the SAO group compared with the BC
group was even lower. This suggests the use of non-HepB com-
bination vaccine may improve compliance outcomes, but with a
smaller effect than that of the HepB combination vaccine. These
results also revealed a significantly lower proportion of children
who were missing 1 or 2 doses among those who received the
HepB or non-HepB combination vaccines compared with those
who received the single-antigen vaccine only. Although these chil-
dren are not fully protected against HepB, our findings indicate
combination vaccines are associated with improved coverage,
including increased partial coverage.

Reliance on completion rates alone as an indicator of popu-
lation-level protection against HepB can mask susceptibility during
the first 2 years of life. Although a child may complete all 3 doses by
age 2 years, some or all of these doses may have been delayed, leav-
ing the child temporarily undervaccinated. Evidence suggests few
children receive all vaccinations on time.'®!$2324 Qverall, we found
approximately 1 in 3 children missed or delayed at least one dose of
vaccine. When stratified by vaccine type, those who received a non-
HepB combination vaccine had the greatest proportion of children
who were vaccinated on time. In the single-antigen group, close to
half were delayed or missing at least one dose. Children who had
received only single-antigen vaccine had twice the mean number of
total days undervaccinated when compared with the other groups.
In addition, the single-antigen group also had the highest propor-
tion of severe delay. Those who had received the HepB combina-
tion vaccine had the lowest proportion of severe delay. These results
indicate that many children are in fact underimmunized against
hepatitis B during the first 24 months of life. Although they may
catch up by their second birthday, more than one-third of children
are insufficiently protected for some time before reaching that mile-
stone. It is particularly worrisome for those with severe delay. A
long period of undervaccination may point to issues with accessing
preventive care, vaccine delivery or intentional refusal to complete
the ACIP-recommended dosing series.

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

These findings should be interpreted in light of several limi-
tations. First, the NIS telephone survey methodology relies on the
household respondent to identify all vaccine providers, and for each
of those providers to accurately report the child’s vaccination his-
tory. There is potential bias due to households without landline or
cell phone service and nonresponse. It is also possible some provid-
ers were not identified or those who were identified did not report
the child’s entire vaccine history. This could result in some children
being misclassified in our study with regard to vaccination type,
completion or compliance.

Second, child and household characteristics are subjected to
the child’s caregiver’s interpretation. The total number of vaccine
providers is also reported by the child’s caregiver. As many children
receive the HepB birth dose from hospital staff before discharge and
subsequent vaccines from primary care providers (eg, pediatric prac-
tices), the fact that the majority of patients had a single vaccine pro-
vider is likely due to the caregiver’s perception that the hospital staff
is not a “vaccine provider.” However, this misclassification likely
does not greatly impact reporting of vaccinations as birth doses are
well recorded in the medical record that is subsequently reviewed by
the infant’s primary care provider (eg, vaccine provider).

The analyses conducted in this study do not test for causal-
ity. Although we found a significant association between receipt
of combination vaccines and improved outcomes, we were unable
to account other mediating, confounding and moderating vari-
ables that may have substantial effect on the association and thus
interpretation of the findings. For example, as described previ-
ously, children who received single-antigen vaccine only had a
similar demographic profile to unvaccinated children and children
of parents who intentionally refuse or delay childhood vaccines
(ie, vaccine hesitant). It is possible vaccine hesitancy, manifested
by lack of vaccination, vaccine delay, seeking of providers who
supply single-antigen vaccine and use of alternative schedules, is
contributing to low completion and compliance rates among sin-
gle-antigen only recipients. A study by Nadeau et al>® reported that
approximately 1 in 4 children followed an alternative vaccination
schedule, which resulted in a significantly lower completion rate
at 9 months of age. As we did not examine such external influ-
ences on completion and compliance, there may be unaccounted
selection bias affecting the present study’s findings. This study
provides new information on HepB completion and compliance
among children who received HepB combination vaccine com-
pared with those who did not. Although completion rates were
high, a large proportion of children remain undervaccinated for
some time before age 2 years, leaving them at risk during one of
their most vulnerable periods in life. However, the use of combina-
tion vaccine was associated with higher completion and compli-
ance outcomes compared with single-antigen HepB vaccine only.
These findings suggest the use of combination vaccines should be
encouraged among children who are undervaccinated or receiv-
ing single-antigen vaccines to increase compliance with the ACIP-
recommended schedule. Future research on parental and provider
barriers to using HepB combination vaccines is warranted.
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