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Background: The recommended US infant immunization schedule 
includes doses of diphtheria, tetanus, acellular pertussis (DTaP), inacti-
vated poliovirus (IPV), Haemophilus influenzae type b (Hib) and hepatitis 
B virus (HepB) during the first 6 months of life. Little information is 
available about the timing of associated, complementary monovalent vac-
cine administration in infants receiving DTaP-based pentavalent combina-
tion vaccines.
Methods: This was a retrospective cohort study of infants born between 
July 1, 2010, and June 30, 2018, in the US MarketScan commercial 
claims and encounters database. Descriptive statistics were used to assess 
vaccine administration patterns. Multivariate logistic regression was per-
formed to explore factors associated with coadministration of DTaP-IPV/
Hib and HepB.
Results: Among infants who received DTaP-HepB-IPV (n = 129,885), 
93.7% had claims for at least 2 Hib doses; most (91.5%‐98.3%) of these 
doses were administered on the same day as DTaP-HepB-IPV doses. Among 
infants who received DTaP-IPV/Hib (n=214,172), 95.3% had claims for ≥2 
doses of HepB. Although coverage was high, 59.2% received the second 
HepB dose on the same day as the first DTaP-IPV/Hib dose, and 44.6% 
received the third dose of HepB on the same day as the third DTaP-IPV/Hib 
dose. Differences in coadministration of the second and third HepB doses 
with DTaP-IPV/Hib were associated with the region of residence, provider 
type, health plan type and coadministration of pneumococcal conjugate 
vaccine and rotavirus vaccine.
Conclusions: Almost all infants received the appropriate, complementary 
monovalent vaccine series. However, this study found variability in the tim-
ing of HepB doses in relation to DTaP-IPV/Hib doses with many infants not 
completing the HepB series until 9 months of age.
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ness, vaccination coverage

(Pediatr Infect Dis J 2022;41:775–781)

While routine childhood vaccination has greatly reduced 
the burden of infectious diseases in developed countries,1 

rates of vaccine refusal or delay have increased, leading to sub-
optimal coverage and disease outbreaks.2 In addition to concerns 
about potential adverse events following vaccination, the number 
of injections or antigens administered at a single visit and fear of 
injections are reasons for vaccine hesitancy.3–9 Furthermore, health-
care providers themselves may be reluctant to administer multiple 
injections at a single visit.10

Combination vaccines, in which several antigens are admin-
istered as a single injection, increase vaccination coverage and time-
liness.11–17 Since 1999, the Advisory Committee on Immunization 
Practices (ACIP), American Academy of Pediatrics (AAP), and 
American Academy of Family Physicians (AAFP) have preferred 
the use of combination vaccines as compared with the administra-
tion of separate component vaccines.18 The ACIP-recommended 
infant immunization schedule in the United States includes multiple 
doses of diphtheria, tetanus, acellular pertussis (DTaP); inactivated 
poliovirus (IPV); hepatitis B virus (HepB) and Haemophilus influ-
enzae type b (Hib) vaccine during the first 6 months of life. Most 
infants in the United States receive DTaP as one of 2 pentavalent 
combination vaccines: Pentacel [diphtheria and tetanus toxoids and 
acellular pertussis adsorbed, inactivated poliovirus and Haemophi-
lus b conjugate (tetanus toxoid conjugate) vaccine (DTaP-IPV/Hib); 
Sanofi, Ontario, Canada], or Pediarix [diphtheria and tetanus tox-
oids and acellular pertussis adsorbed, hepatitis B (Recombinant) and 
inactivated poliovirus vaccine (DTaP-HepB-IPV); GSK, Rixensart, 
Belgium]. Following the birth dose, monovalent HepB should be 
administered at 1–2 and 6–18 months of age if DTaP-IPV/Hib is 
used; if DTaP-HepB-IPV is used, monovalent Hib should be admin-
istered at either 2 and 4 months of age [PedvaxHIB, haemophilus 
b conjugate vaccine (meningococcal protein conjugate), Merck & 
Co., Inc. Rahway, NJ] or at 2, 4 and 6 months of age [ActHIB, hae-
mophilus b conjugate vaccine (tetanus toxoid conjugate), Sanofi, 
Marcy L’Etoile, France] or [Hiberix, haemophilus b conjugate vac-
cine (tetanus toxoid conjugate), GSK, Rixensart, Belgium].19,20

Little information is available about the timing of associ-
ated, complementary monovalent vaccine administration in infants 
receiving DTaP-based pentavalent combination vaccines. Examin-
ing monovalent vaccine administration in relation to DTaP-IPV/
Hib and DTaP-HepB-IPV could provide insights into the potential 
benefits of a hexavalent DTaP-based vaccine. Pediatric hexavalent 
vaccines have been licensed and recommended for routine use 
in Europe for >20 years.21 A hexavalent vaccine (Vaxelis, DTaP-
IPV-Hib-HepB; Sanofi, Toronto, Ontario Canada for MSP Vaccine 
Company, Swiftwater, PA) was approved in the United States with 
a recommended schedule of 2, 4 and 6 months.22,23

METHODS

Study Design
This was a retrospective, observational cohort study 

using de-identified administrative claims records. Infants who 
received DTaP-IPV/Hib were assessed for receipt and timing of 
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the HepB vaccine (“HepB”) relative to doses of DTaP-IPV/Hib. 
Infants who received DTaP-HepB-IPV were assessed for receipt 
and timing of the Hib vaccine (“Hib”) relative to DTaP-HepB-
IPV. As an analysis of de-identified data, this study was not con-
sidered human subjects research and was exempt from human 
subjects committee review and the need for informed consent, 
per 45 CFR 46.102.6 All infants were also assessed for receipt 
and timing of pneumococcal conjugate vaccine (PCV), which 
is recommended at the same ages (2, 4 and 6 months) as each 
pentavalent vaccine.

Study Population
The IBM MarketScan Commercial Database and Encoun-

ters database contains medical and pharmacy claims data for 
several million individuals who are employees, spouses and 
dependents covered under employer-sponsored private health 
insurance plans.

We included infants born between July 1, 2010, and June 
30, 2018, who were continuously enrolled ≥1 year after birth, and 
who received either ≥3 doses of DTaP-IPV/Hib (the DTaP-IPV/
Hib cohort) or ≥3 doses of DTaP-HepB-IPV (the DTaP-HepB-IPV 
cohort) during the first year of life. Infants were excluded if they 
received both DTaP-IPV/Hib and DTaP-HepB-IPV or received <3 
doses of a DTaP-based pentavalent vaccine. We also excluded pre-
mature infants from the DTaP-IPV-Hib cohort since the first dose 
HepB is often given at 1 month and may impact the timing of sub-
sequent doses.

Variables
In compliance with the Health Insurance Portability and 

Accountability Act, the study database contains the year, but 
not date of birth. Infants’ date of birth were determined using an 
approach similar to that used by Panozzo et al.24 Newborns were 
identified by the International Classification of Disease, 9th and 
10th Revisions, Clinical Modification (ICD-9-CM/ICD-10-CM) 
codes for live births (ICD-9-CM codes V30-V39, ICD-10-CM 
code Z38). For infants with >1 ICD-9-CM/ICD-10-CM code on 
multiple dates, the date of the first code was assumed to be the birth 
date. Premature infants (DTaP-HepB-IPV cohort only) were identi-
fied by ICD-9-CM code 765.29 and ICD-10-CM code P07.30.

Vaccine administration was identified using Current Pro-
cedural Terminology (CPT) codes (Supplemental Digital Content 
1, http://links.lww.com/INF/E758). The database does not reliably 
capture birth doses of HepB; therefore, any HepB claim recorded 
in the first 28 days of life was assumed to be the first (birth) dose, 
and infants without HepB codes in the first 28 days of life were 
assumed to have received HepB at the hospital of birth. This 
assumption was based on relatively high uptake of the HepB birth 
dose; estimated vaccine coverage for the birth dose among children 
born during 2016–2017 was 76%.25 Any HepB claim from 29 to 
169 days following birth was counted as the second HepB dose and 
assigned to the first dose of DTaP-IPV/Hib; 24 weeks (168 days) is 
the minimum age to give the last dose of HepB, according to ACIP 
recommendations.26 Any HepB claim from 170 days to 12 months 
following birth was counted as the third HepB dose and assigned to 
the third dose of DTaP-IPV/Hib. If there was more than one HepB 
claim identified between 28 and 169 days, the second HepB claim 
was assigned to the third DTaP-IPV/Hib (Supplemental Digital 
Content 2A, http://links.lww.com/INF/E758). The second dose of 
DTaP-IPV/Hib, scheduled for 4 months, was excluded from analy-
sis, because it does not align with the recommended HepB vaccina-
tion schedule (doses at birth, 1–2 months and 6–18 months).

For the DTaP-HepB-IPV cohort, any Hib claim identi-
fied before and up to 30 days after the first DTaP-HepB-IPV was 
assigned to the first DTaP-HepB-IPV dose (Supplemental Digital 

Content 2A, http://links.lww.com/INF/E758). Any Hib claim iden-
tified within 30 days (before or after) of the second DTaP-HepB-
IPV dose was assigned to the second DTaP-HepB-IPV dose. Any 
Hib claim identified 30 days before or any number of days after, up 
to 12 months from birth, was assigned to the third DTaP-HepB-IPV 
dose.

A PCV claim was assigned to the first or second DTaP-
based pentavalent dose if it was identified before or up to 30 days 
after the pentavalent dose. A third PCV claim identified before or 
any number of days after, up to 12 months from birth, was assigned 
to the third pentavalent dose.

Data Analysis
Analyses were conducted separately for the DTaP-IPV/Hib 

and DTaP-HepB-IPV cohorts. Demographic characteristics and 
vaccine administration patterns are presented as frequencies and 
percentages for categorical variables and as means and standard 
deviation (SD) values for continuous variables. Univariate and mul-
tivariate logistic regression were performed to explore factors asso-
ciated with coadministration of DTaP-IPV/Hib and HepB on the 
same day. The dependent variable was receipt of monovalent HepB 
on the same day as DTaP-IPV/Hib. Independent variables were sex, 
region of residence, provider type, health plan type, and receipt of 
PCV or rotavirus vaccine (RV) on the same day as the pentava-
lent vaccine. Since prior experience with older siblings can either 
increase parental acceptance of multiple co-administered injections 
or motivate requests to delay vaccination, we also included the 
number of children <10 years of age in the family as an independ-
ent variable.27 Multicollinearity was assessed using variance infla-
tion factors. All analyses were performed using SAS version 9.3.

RESULTS

Sample Characteristics
A total of 344,057 infants met the inclusion criteria, 214,172 

in the DTaP-IPV/Hib cohort and 129,885 in the DTaP-HepB-IPV 
cohort (Supplemental Digital Content 3, http://links.lww.com/INF/
E758). The demographic characteristics of the 2 cohorts were simi-
lar (Table 1).

Timing of HepB in Relation to DTaP-IPV/Hib
The mean (SD) of the number of days between birth and 

the first dose of DTaP-IPV/Hib was 64.5 (8.8) days (Table 1). 
The mean number of days separating the first and second and 
second and third DTaP-IPV/Hib doses was 65.3 (11.1) and 66.6 
(15.6) days, respectively, demonstrating that doses were admin-
istered according to the recommended schedule of 2, 4 and 6 
months.

Among infants who received DTaP-IPV/Hib, 95.3% had 
claims for at least 2 doses of HepB. A total of 95.0% of infants 
who received the first DTaP-IPV/Hib dose also received a HepB 
dose between 2 and 6 months of age (29–169 days), and 93.0% of 
infants who received the third DTaP-IPV/Hib dose also received 
a HepB dose between 7 and 12 months from birth (170–365 
days).

Only 59.2% of infants received the second HepB dose on 
the same day as their first dose of DTaP-IPV/Hib. Fewer than half 
(44.6%) of infants received the third HepB dose on the same day 
as the third DTaP-IPV/Hib dose (Fig. 1A). Administration of the 
third HepB dose was clustered around both 6 and 9 months of age 
(Fig. 2). The proportion of infants who received the third dose at 9 
months increased over time (Supplemental Digital Content 4, http://
links.lww.com/INF/E758). Among infants who did not receive 
DTaP-IPV/Hib and HepB on the same day, the mean time interval 
between the DTaP-IPV/Hib and HepB doses was 33.1 (10.9) days 

http://links.lww.com/INF/E758
http://links.lww.com/INF/E758
http://links.lww.com/INF/E758
http://links.lww.com/INF/E758
http://links.lww.com/INF/E758
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http://links.lww.com/INF/E758
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for the first DTaP-IPV/Hib dose and 86.3 (22.4) days for the third 
DTaP-IPV/Hib dose.

Timing of Hib in Relation to DTaP-HepB-IPV
The mean (SD) number of days between birth and the first 

dose of DTaP-HepB-IPV was 64.3 (8.8) days (Table 1). The mean 
number of days between the first and second and second and third 
DTaP-HepB-IPV doses was 66.0 (11.1) and 67.7 (16.1) days, 
respectively, again indicating that doses were administered accord-
ing to schedule.

Among infants who received DTaP-HepB-IPV, 93.7% had 
claims for at least 2 Hib doses, and 85.9% had claims for at least 3 
(Table 1). Almost all (98.3%) infants received Hib on the same day 
as their first (98.3%), second (97.6%), or third (91.5%) doses of 
DTaP-HepB-IPV (Fig. 1B).

Timing of PCV in Relation to DTaP-IPV/Hib and 
DTaP-HepB-IPV

Almost all infants received a PCV dose on the same day as 
each of their doses of DTaP-IPV/Hib (97.8% for first dose, 97.1% 

for second and 94.4% for the third dose; Fig. 3A) or DTaP-HepB-
IPV (98.1% for first dose, 97.4% for second and 95.4% for the third 
dose; Fig. 3B).

Factors Associated with Coadministration of HepB 
and DTaP-IPV/Hib Vaccines

Unadjusted associations between patient demographic, 
insurance and providers characteristics, and coadministration of 
HepB and DTaP-IPV/Hib are presented in Supplemental Digital 
Content 5, http://links.lww.com/INF/E758. All covariates, except 
for sex, were significant at P <0.25 and included in the multivariate 
analysis. Variance inflation factor values did not exceed 2, indicat-
ing low correlation among covariates.

Differences in coadministration of the second dose of HepB 
with the first dose of DTaP-IPV/Hib were associated with region 
of residence, provider type, health plan type, coadministration of 
PCV and coadministration of RV (Table 2). Infants in the Midwest 
[odds ratio (OR): 0.70 (95% confidence interval [CI]: 0.69–0.72)] 
and Northeast [OR: 0.39 (95% CI: 0.38–0.40)] were less likely than 
infants in the south to receive the second dose of HepB on the same 

TABLE 1. Characteristics of Study Sample*

 
Total  

(N = 344,057)
 DTaP-IPV/Hib  

Cohort (N = 214,172)
 DTaP-HepB-IPV  

Cohort (N = 129,885)

Sex    
 Male 177,859 (51.7%) 110,523 (51.6%)  67,336 (51.8%)
Region of residence    
 Midwest  86,687 (25.2%)  54,744 (25.6%)  31,943 (24.6%)
 Northeast  55,757 (16.2%)  36,193 (16.9%)  19,564 (15.1%)
 West  37,112 (10.8%)  24,620 (11.5%)  12,492 (9.6%)
 South 118,648 (34.5%)  75,499 (35.3%)  43,149 (33.2%)
 Unknown  45,853 (13.3%)  23,116 (10.8%)  22,737 (17.5%)
Health plan type    
 HMO/POS  60,693 (17.6%)  34,969 (16.3%)  25,724 (19.8%)
 PPO/EPO 222,187 (64.6%) 140,440 (65.6%)  81,747 (62.9%)
 CDHP/HDHP  48,439 (14.1%)  30,780 (14.4%)  17,659 (13.6%)
 Fee-for-service 9,292 (2.7%) 5,816 (2.7%)  3,476 (2.7%)
 Unknown  3,446 (1.0%)  2,167 (1.0%)  1,279 (1.0%)
Provider type    
 Pediatrician 273,523 (79.5%) 173,962 (81.2%)  99,561 (76.7%)
 Family practitioner and others  20,870 (6.1%)  10,412 (4.9%)  10,458 (8.1%)
Premature infants  5,553 (1.6%)  0 (0%)  5,553 (4.3%)
Days between pentavalent vaccine doses, mean (SD)    
 Birth date and first dose — 64.5 (8.8) 64.3 (8.8)
 First dose and second dose — 65.3 (11.1) 66.0 (11.1)
 Second dose and third dose — 66.6 (15.1) 67.7 (16.1)
No. complementary monovalent vaccines received†    
 None — 2062 (1.0%) 5455 (4.2%)
 At least 1 dose — 212,110 (99.0%) 124,430 (95.8%)
 At least 2 doses — 204,027 (95.3%) 121,702 (93.7%)
 At least 3 doses — 18,061 (8.4%) 111,571 (85.9%)
 4 or more doses — 406 (0.2%) 44,551 (34.3%)
No. pneumococcal conjugate vaccine doses received    
 None  561 (0.2%)  381 (0.2%)  180 (0.1%)
 At least 1 dose  343,496 (99.8%) 213,791 (99.8%) 129,705 (99.9%)
 At least 2 doses 343,095 (99.7%) 213,540 (99.7%) 129,555 (99.7%)
 At least 3 doses 341,958 (99.4%) 212,838 (99.4%) 129,120 (99.4%)
 4 doses 310,306 (90.2%) 193,031 (90.1%) 117,275 (90.3%)
No. rotavirus vaccine doses received    
 None 12,435 (3.6%)  7850 (3.7%)  4585 (3.5%)
 At least 1 dose 331,622 (96.4%) 206,322 (96.3%) 125,300 (96.5%)
 At least 2 doses 328,688 (95.5%) 204,867 (95.7%) 123,821 (95.3%)
 At least 3 doses 254,325 (73.9%) 184,644 (86.2%) 69,681 (53.6%)
 4 doses  927 (0.3%)  672 (0.3%)  255 (0.2%)

*Values presented as n (%) unless otherwise indicated.
†Hib for DTaP-HepB-IPV and HepB for DTaP-IPV/Hib; not mutually exclusive.
CDHP indicates consumer deductible health plan; EPO, exclusive provider organization; HDHP, high-deductible health plan; HepB, Hepatitis B 

virus; HMO, health maintenance organization; POS, point of service; PPO, preferred provider organization; SD, standard deviation.

http://links.lww.com/INF/E758
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day as the first dose of DTaP-IPV/Hib; those in the west were more 
likely [OR: 1.30 (95% CI: 1.26–1.34)]. Infants vaccinated by pedia-
tricians [OR: 0.57 (95% CI: 0.56–0.59)] were less likely to receive 

the second dose of HepB on the same day as the first dose of DTaP-
IPV/Hib compared with infants vaccinated by family physicians. 
Infants enrolled in preferred provider organization (PPO)/exclusive 

FIGURE 1. Vaccine administration up to 12 months from birth for (A) DTaP-IPV/Hib and HepB (B) DTaP-HepB-IPV and Hib. 
A: The percentage of infants receiving HepB before, the same day or after DTaP-IPV/Hib administration. B: The percentage of 
infants receiving Hib before, the same day or after DTaP-HepB-IPV administration. 

FIGURE 2. Timing of HepB administration in relation to DTaP-IPV/Hib administration. 
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provider organization (EPO) plans [OR: 0.87 (95% CI: 0.85–0.89)] 
and consumer-directed health plans (CDHP)/high-deductible 
health plan (HDHP) [OR: 0.84 (95% CI: 0.81–0.86)] were less 

likely to receive the second dose of HepB on the same day as the 
first dose of DTaP-IPV/Hib compared with infants covered under 
a health maintenance organization (HMO)/point of service. Infants 

FIGURE 3. Percentage of infants receiving PCV before, the same day or after administration of (A) DTaP-IPV/Hib and (B) 
DTaP-HepB-IPV. A: The percentage of infants receiving PCV before, the same day or after DTaP-IPV/Hib administration. B: The 
percentage of infants receiving PCV before, the same day or after DTaP-HepB-IPV administration. 

TABLE 2. Multivariate Analysis of Factors Associated with Co-administering HepB and DTaP-IPV/Hib

Variable 

HepB Dose 2 on the Same  
Day as DTaP-IPV/Hib Dose 1

HepB Dose 3 on the Same  
Day as DTaP-IPV/Hib Dose 3

Odds Ratio (95% CI) P Odds Ratio (95% CI) P 

Male (referent: female) 1.00 (0.99, 1.02) 0.6244 1.00 (0.99, 1.02) 0.6641
Region (referent: south)     
 Midwest 0.70 (0.69, 0.72)  <0.0001 0.67 (0.65, 0.69)  <0.0001
 Northeast 0.39 (0.38, 0.40)  <0.0001 0.48 (0.47, 0.50)  <0.0001
 West 1.30 (1.26, 1.34)  <0.0001 1.40 (1.36, 1.44)  <0.0001
Provider type (referent: family practitioner and other)     
 Pediatrician 0.57 (0.56, 0.59)  <0.0001 0.57 (0.55, 0.58)  <0.0001
Health plan type (referent: HMO/POS)     
 PPO/EPO 0.87 (0.85, 0.89)  <0.0001 0.88 (0.85, 0.90)  <0.0001
 CHDP/HDHP 0.84 (0.81, 0.86)  <0.0001 0.93 (0.90, 0.96)  <0.0001
 FFS/unknown 0.95(0.91, 1.01) 0.0772 1.22 (1.16, 1.29)  <0.0001
Received PCV on the same day as DTaP-IPV/Hib (referent: no) 9.79 (8.95, 10.72)  <0.0001 5.35 (4.90, 5.85)  <0.0001
Received RV on the same day as DTaP-IPV/Hib (referent: no) 1.40 (1.34, 1.47) <0.0001 1.54 (1.47, 1.61) <0.0001
Number of children <10 years old in the same family (referent: 0) 0.99 (0.97, 1.01) 0.4113 0.95 (0.93, 0.97)  <0.0001

CDHP indicates consumer deductible health plan; EPO, exclusive provider organization; HDHP, high-deductible health plan; HMO, health maintenance organiza-
tion; POS, point of service; PPO, preferred provider organization; PCV, pneumococcal conjugate vaccine; RV, rotavirus vaccine.

An odds ratio <1 indicates that an infant was less likely to receive HepB and DTaP-IPV/Hib on the same day. An odds ratio >1 indicates that an infant was more 
likely to receive HepB and DTaP-IPV/Hib on the same day.
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who received PCV on the same day as the first dose of DTaP-IPV/
Hib were more likely to receive the second dose of HepB [OR: 
9.79 (95% CI: 8.95–10.72)] on the same day. Infants who received 
RV on the same day as the first dose of DTaP-IPV/Hib were also 
more likely to receive the second dose of HepB [OR: 1.40 (95% CI: 
1.34–1.47)]. The same factors were associated with coadministra-
tion of the third dose of HepB and the third dose of DTaP-IPV/Hib. 
In addition, infants living in households with one or more siblings 
under 10 years were less likely to receive the third dose of HepB on 
the same day as the third dose of DTaP-IPV/Hib [OR: 0.95 (95% 
CI: 0.93–0.97)].

DISCUSSION
Examining monovalent vaccine administration in relation 

to DTaP-IPV/Hib and DTaP-HepB-IPV could provide insights into 
the potential benefits of a hexavalent DTaP-based vaccine. Almost 
all infants in this study received the appropriate monovalent vac-
cine series that was complementary to the pentavalent DTaP-based 
vaccine they received. In addition, almost all infants received the 
PCV series. For infants receiving DTaP-HepB-IPV, Hib and PCV 
doses were almost always given on the same day as the pentavalent 
vaccine, at approximately 2, 4 and 6 months of age. In contrast, 
only 60% of infants received a HepB dose on the same day as the 
first DTaP-IPV/Hib dose (around 2 months of age), and fewer than 
half received a HepB dose on the same day as the third dose of 
DTaP-IPV/Hib (around 6 months of age).

One potential explanation for this finding is that the recom-
mended timing of Hib doses (2, 4 and, if Hib-tetanus toxoid con-
jugate is used, 6 months of age) is the same as DTaP-HepB-IPV. 
The same is true for PCV, the schedule for which matches both 
pentavalent DTaP-based vaccines. On the other hand, the recom-
mended HepB schedule calls for doses at birth, 1–2 months and 
6–18 months of age. While the second and third doses of HepB can 
potentially align with the DTaP-IPV/Hib schedule, in that HepB 
(dose 2) at 2 and 6 months (dose 3) would be appropriate, these data 
suggest that HepB doses for a large number of infants are being 
separated from doses of DTaP-IPV/Hib. Administration of the third 
HepB dose was clustered around both 6 and 9 months of age and 
the proportion of children who received the third dose at 9 months 
increased over time. To our knowledge, this pattern has not been 
previously documented and merit further investigation. Infants on 
a DTaP-IPV/Hib schedule are eligible to receive HepB, PCV and 
RV at the 6-month visit. Perceived pain and crying due to multiple 
injections are a common reason for parental requests to delay vac-
cination.12 As the maximum age for the third RV dose is 8 months, 
as recommended by the ACIP, it is plausible that the third HepB 
dose is delayed to the 9-month visit to alleviate parental concerns, 
and this practice has grown over time. ACIP recommends admin-
istering all vaccines for which a person is eligible at the same visit 
to increase the likelihood of series completion by the appropriate 
age.28 Nearly 25% of infants in the United States follow an alter-
native vaccine schedule.29 The use of a hexavalent vaccine in the 
United States would result in 1–4 fewer injections in the childhood 
vaccination schedule (depending on the current schedule in use), 
potentially mitigating a key driver of requests for delays.

Completion of the HepB series by 9 months of age is within 
the timeframe recommended by the ACIP may have few serious 
health consequences. However, any delay in vaccination potentially 
places infants at risk for not completing the series by the appropri-
ate age and vulnerable to disease.21 A hexavalent vaccine, which 
would ensure completion of the HepB series by 6 months of age, 
may be most beneficial for infants at high risk for Hep B infection 
such as infants born to HBsAg+ mothers. However, the COVID-
19 pandemic has demonstrated that routine immunization practices 

can be disrupted on an unprecedented scale. Vaccination rates 
declined significantly across all recommended pediatric vaccines 
in the United States in 2020 due to stay-at-home orders and social 
distancing.22 Despite catch-up efforts, vaccination coverage in the 
United States has not yet rebounded to pre-pandemic levels and 
many infants remain vulnerable to vaccine-preventable diseases.23 
In this context, the benefits of a hexavalent vaccine, which would 
eliminate the need for separate HepB or Hib vaccinations before 12 
months of age, are more far reaching.

We did not include Medicaid data in our analysis given the 
potential for under reporting of vaccines for children doses and 
the variability in state policies and coding practices for Medic-
aid claims.30 Vaccine coverage among children covered by private 
insurance is higher than children insured by Medicaid and unin-
sured children.25 It is possible that the proportion of infants who 
received the appropriate number of monovalent doses would be 
lower if this analysis was conducted in a Medicaid or uninsured 
population. Compliance with well child visits is lower among 
infants who are publicly insured or uninsured.31 In a retrospective 
study of mainly publicly insured and uninsured children, the 2-, 
4- and 6-month visits were most frequently attended; compliance 
subsequently declined and rebounded at 5 years.32 Within a com-
mercially insured population, we found differences in coadminis-
tration of HepB and DTaP-IPV/Hib were associated with region of 
residence, provider type, health plan type, and coadministration of 
PCV and RV. Regional differences could reflect parental requests 
to “spread out” vaccinations, since vaccine hesitancy, defined as 
being conflicted about or opposed to getting vaccinated, tends to 
cluster geographically.3,33 Furthermore, pediatricians may be more 
willing to comply with parental requests to delay vaccines. A pre-
vious survey found that pediatricians were more likely to often or 
always agree with requests to spread out vaccines compared to 
family physicians.34 The association between health plan type—for 
example, PPO/EPO-insured infants were less likely than HMO/
POS-insured infants to receive HepB and DTaP-IPV/Hib on the 
same day—could reflect provider incentives in place for the latter 
plan type.35 Qualitative studies with parents and providers could be 
undertaken to further explore these associations. A hexavalent vac-
cine, by administering all relevant antigens at the same time, would 
assure timely completion of the HepB series by 6 months of age 
and reduce disparities by insurance status or other factors.

Several limitations inherent to administrative claims data-
base studies apply to this study. Vaccine administration was derived 
from CPT codes, which may have been recorded inaccurately. 
Results are limited to vaccine utilization patterns among privately 
insured infants and may not be generalizable to all infants in the 
United States. It is possible that there is greater use of interventions 
to improve vaccination rates, such as patient/parent reminder and 
recall systems, among privately insured infants. The MarketScan is 
a US claims dataset that is widely used to examine vaccination cov-
erage and utilization patterns. However, as with all claims databases, 
there are limitations around the number of variables available for 
analysis. Finally, in the present analysis, assumptions were made to 
assign coadministration status of HepB and DTaP-IPV/Hib, which 
may have resulted in misclassification. We assumed that all infants 
received a birth dose of HepB; for infants who did not receive a birth 
dose, labeling the first dose received after 28 days of life as dose 2 
may have been inaccurate. Some of these may have been Dose 1. 
However, claims on the same day for HepB and DTaP-IPV/Hib are 
likely to truly indicate vaccines given on the same day.

CONCLUSIONS
Almost all privately insured infants received the appropri-

ate, complementary monovalent vaccine series. However, this study 
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found variability in the timing of HepB doses in relation to DTaP-
IPV/Hib doses with many infants not completing the HepB series 
until 9 months of age. Any vaccination delay potentially places 
infants at risk for not completing the series by the appropriate age.
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