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Background: Two MenB vaccines with different dosing schedules are approved in the US: MenB-4C (2
doses) and MenB-FHbp (2–3 doses). Both vaccines were licensed on the basis of immunogenicity demon-
strated after vaccine series completion. We evaluated vaccination completion and adherence to dosing
schedules.
Methods: This retrospective analysis used data from MarketScan Commercial Claims and Encounters
Database (Commercial) January 1, 2015 - February 28, 2018 and Multi-State Medicaid Database
(Medicaid) January 1, 2015 - December 31, 2017 to examine vaccine series completion and adherence
to dosing schedule in individuals who initiated a MenB series at ages 16–23 years. Vaccine series comple-
tion and dose schedule adherence were assessed during a 15-month follow-up period after the first dose.
Completion was defined as individual receipt of the recommended number of doses, with current recom-
mendations applied retroactively to allow individuals who initiated the MenB-FHbp series to be complete
with either the 2- or the 3-dose schedule.
Results: The study population comprised 65,205 commercially-insured individuals (36,118 initiated
MenB-4C; 29,087 initiated MenB-FHbp) and 13,535 Medicaid-covered individuals (10,153 initiated
MenB-4C; 3382 initiated MenB-FHbp). In Commercial, 63% of individuals who initiated MenB-4C and
52% of individuals who initiated MenB-FHbp completed vaccination within 15 months; dosing schedule
adherence was 62% for MenB-4C initiators and 18% for MenB-FHbp initiators. In Medicaid, 15-month
completion rates for MenB-4C and MenB-FHbp initiators were 49% and 31%, respectively, with corre-
sponding dosing schedule adherence of 48% and 8%. Among individuals who completed the series, med-
ian time to completion was 68 days for MenB-4C versus 258 days for MenB-FHbp in Commercial and
88 days for MenB-4C versus 309 days for MenB-FHbp in Medicaid.
Conclusion: During the study period, MenB vaccine series completion was suboptimal. However, comple-
tion was significantly higher for MenB-4C, with notably shorter time to completion. This may reflect the
flexible dosing schedule of MenB-4C.
� 2019 GlaxoSmithKline Biologicals S.A. Published by Elsevier Ltd. This is an open access article under the

CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Invasive meningococcal disease is a serious illness caused by
the bacterium Neisseria meningitidis, which is categorized into
serogroups based on the structure of its polysaccharide capsule
[1]. Serogroup B meningococcal (MenB) disease is the most com-
mon cause of meningitis and septicemia in developed countries
[2]. Although meningococcal disease is rare in developed countries,
it is clinically dangerous because of its rapid progression and the
risk of long-term sequelae [1]. In a study of children who had sur-
vived MenB disease, approximately one-tenth had major disabling
deficits and more than a third had one or more deficits in physical,
cognitive or psychological functioning [2]. Each case of meningitis
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is life-threatening [3] and, despite available treatment, the case-
fatality rate is estimated at 10–20% [1]. MenB disease is estimated
to cause approximately 5–10 deaths per year in the United States
(US), mainly among older adolescents and young adults aged 16–
23 years [3].

Two MenB vaccines are licensed in the US for use in individuals
aged 10–25 years, MenB-FHbp (Trumenba, Pfizer), licensed in Octo-
ber 2014 [4] and MenB-4C (Bexsero, GSK), licensed in January 2015
[5]. In February 2015, the Advisory Committee on Immunization
Practices (ACIP) recommended routine (category A) MenB vaccina-
tion in persons aged 10 years and older who are at increased risk of
MenB disease, including persons with functional or anatomic
asplenia, persons with persistent complement component defi-
ciencies (including persons receiving eculizumab therapy), micro-
biologists routinely exposed to isolates of N. meningitidis, and
persons at risk due to a MenB outbreak [6]. In June 2015, the ACIP
further recommended that adolescents and young adults aged 16–
23 years may be vaccinated with a MenB vaccine to provide
short-term protection against most strains of MenB disease, with
preferred age for vaccination at 16–18 years (recommendation cat-
egory B, i.e. recommended for individual clinical decision-making)
[3].

MenB vaccines are not interchangeable. Both vaccines require
more than one dose for series completion and there may be inad-
equate protection against MenB disease until the series is com-
pleted. Current licensure and recommendations are based on the
correct number of doses administered with the appropriate timing
to ensure optimal protection. The two vaccines have different rec-
ommended dosing schedules, and the recommended schedule for
MenB-FHbp has been revised over time. The ACIP recommended
schedule for MenB-4C is two doses administered at least one
month apart [3]. There is no specific upper time limit for adminis-
tration of the second dose of MenB-4C. The original ACIP recom-
mended schedule for MenB-FHbp was three doses with the
second and third doses administered 2 and 6 months after the first
dose [3]. Changes to the dosing and administration of MenB-FHbp
were approved by the Food and Drug Administration (FDA) in April
2016, and the ACIP recommendation was updated in October 2016
[7]. The revised schedule includes two options. For individuals at
increased risk or during serogroup B outbreaks, a three-dose series
is recommended with the second dose administered 1–2 months
and the third dose 6 months after the first dose. For healthy indi-
viduals, a two-dose series is recommended with the second dose
being administered 6 months after the first one [7].

Completion of the full vaccine series and adherence to the rec-
ommended dosing schedule (receiving all the doses with the rec-
ommended time interval between doses), are important to
achieve optimal vaccination protection against MenB disease. Both
vaccines were recommended based on immunogenicity demon-
strated after vaccine series completion. The objective of this study
was to evaluate series completion and adherence to dosing sched-
ule for MenB-4C and MenB-FHbp vaccines among individuals aged
16–23 years in the US, in the first few years following vaccine
licensing and recommendations. No such data was previously
published.
2. Materials and methods

2.1. Study design

This study was a retrospective analysis of pre-existing de-
identified healthcare claims data from the Commercial Claims
and Encounters (CCAE) and the Multi-State Medicaid MarketScan
Research Databases, both maintained by IBM Watson Health.
This study focused on age-based vaccination among persons
aged 16–23 years. The same definition of completion (see ‘Study
outcomes’ section below) was used for all individuals regardless
of risk status, even though the ACIP recommends a three-dose
MenB-FHbp schedule for individuals at increased risk, low-
numbered compared to the general population [8].
2.2. Data sources

Healthcare claims data were obtained from the CCAE database,
including Early View (EV) data, for the period between 1 January
2015 and 28 February 2018 for the commercially-insured (Com-
mercial) population, and from the Multi-State Medicaid database
for the period between 1 January 2015 and 31 December 2017
for the Medicaid population. These were the most recent data
available at the time of starting the analysis.

The CCAE database contains the inpatient, outpatient, and out-
patient prescription-drug experiences of several million employees
and their dependents (annually) across all US regions, covered
under a variety of fee-for-service and capitated health plans,
including exclusive provider organizations (EPO), preferred provi-
der organizations (PPOs), point of service (POS) plans, indemnity
plans, and health maintenance organizations (HMOs). The Mar-
ketScan EV Database is released monthly and captures healthcare
services incurred as late as approximately 45 days before data
release. The overall age distribution of the CCAE population is sim-
ilar to that of a nationally representative population of persons
with employer-sponsored health insurance. The database also
includes information on enrollee demographic characteristics
(e.g., age and sex) and details on enrollment periods.

The MarketScan Multi-State Medicaid Database (Medicaid) con-
tains records of inpatient services, inpatient admissions, outpatient
services prescription-drug claims and information on long-term
care for Medicaid enrollees in fee-for-service and managed care
programs in 10–13 geographically dispersed states. The database
also includes information on enrollee demographic characteristics
(e.g., age, sex and race), eligibility category (e.g., elderly individual,
blind/disabled individual), and details on Medicaid enrollment
periods.
2.3. Study population

The study population included individuals aged 16–23 years
who initiated either the MenB-4C or MenB-FHbp vaccine series
between 1 July 2015 and either 30 November 2016 (Commercial
population) or 30 September 2016 (Medicaid population) (Supple-
mentary Fig. 1). This time window for initiation was selected to
capture individuals who initiated vaccination after the age-based
ACIP recommendations were issued, and to satisfy the 15-month
continuous enrollment condition working backwards from the
end of data availability in each database at the time of the study
(31 December 2017 in the Medicaid population and 28 February
2018 in the Commercial population). Any individuals receiving
both MenB-4C and MenB-FHbp vaccinations were excluded from
the study.

Individuals included in the study were required to have contin-
uous health plan enrollment for 6 months before (baseline period)
and 15 months after (follow-up period) the index date. The 6-
month baseline period was selected to permit assessment of base-
line characteristics. The 15-month follow-up period was a prag-
matic choice to capture individuals who might initiate and
complete the vaccine series during consecutive summer vacations,
for example college students.

The index date was defined as the date of first MenB vaccine
claim and considered to be the date of vaccine series initiation.



Table 1
Timing between vaccine doses used to define vaccine dose schedule completion and
adherence a.

Vaccine Dose 2 Dose 3

Completion
MenB-4C Anytime after index dose

during follow-up
N/A

MenB-FHbp
(two-dose)

�6 months (�168 days)
after index dose

N/A

MenB-FHbp
(three-dose)

<6 months (<168 days)
after index dose

Anytime after dose 2
during follow-up

Adherence to dosing schedule
MenB-4C At least one month

(28 days) after index dose
N/A

MenB-FHbp
(two-dose)

6 months (168–216 days)
after index dose

N/A

MenB-FHbp
(three-dose)

1–2 months (28–92 days)
after index dose

6 months (168–216 days)
after index dose

N/A, not applicable.
a Vaccine dose schedule completion and adherence were defined based on the

ACIP guidelines for the timing of doses in relation to the index dose. For each timing
window, the minimum number of days was defined assuming 28 days (4 weeks)
per month, in accordance with ACIP Best Practice Guidelines. The maximum
number of days was defined assuming 31 days per month. These definitions are
permissive for MenB-FHbp. For example, a dose given six months after the index
dose would be adherent to the vaccination schedule if administered on or after day
168 (the last day of the sixth month assuming 28 days per month) and before day
217 (the last day of the seventh month assuming 31 days per month). There is no
specific upper time limit for administration of the second dose of MenB-4C. The
follow-up period was limited to 15 months post-index for all patients, regardless of
vaccine initiation type.
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Individuals were assigned to each vaccine cohort based on ini-
tial vaccination claims using corresponding procedure code (CPT)
or National Drug Code (NDC) for MenB-4C and MenB-FHbp (details
of the codes used are provided in Supplementary Table 1). The
MenB-4C and MenB-FHbp vaccine cohorts consisted of individuals
who had at least one claim for MenB-4C or MenB-FHbp, respec-
tively, during the study period. All analyses were conducted sepa-
rately for the Commercial and Medicaid populations.

Demographic characteristics were assessed on the index date
and clinical characteristics during the 6-month baseline period.

2.4. Study outcomes

The main outcomes of interest were the proportion of subjects
who completed each vaccine series and corresponding time to
completion, as well as the proportion of subjects who adhered to
the ACIP recommended dose schedule for each vaccine during
the 15-month observation period after the date of first vaccination
claim.

Vaccine series completion was defined as an individual’s receipt
of the appropriate number of MenB vaccine doses within the 15-
month follow-up period. A MenB-4C series was considered com-
plete if the individual had at least one additional claim during
the follow-up period, indicating that MenB-4C was administered
after the index claim. The most recent ACIP recommendations [7]
were applied retroactively to individuals who initiated MenB-
FHbp, so the series could be considered complete with either two
or three doses. MenB-FHbp completion was defined according to
the following criteria:

� Individuals received two doses of MenB-FHbp with a second
claim indicating MenB-FHbp was administered at least
6 months (�168 days, using a conservative lower bound of
28 days per month) after the index claim, OR;

� Individuals received 3 doses of MenB-FHbp series with a second
MenB-FHbp claim occurring less than 6 months (<168 days)
after the series initiation claim followed by a third MenB-
FHbp claim during the observation period.

Vaccine dose schedule completion and adherence to dosing
schedules were defined based on the corresponding prescribing
information and ACIP guidelines for the timing of doses in relation
to the index dose. For each timing window, the minimum number
of days was defined assuming 28 days (4 weeks) per month, in
accordance with ACIP Best Practice Guidelines [9], and the maxi-
mum number of days assuming 31 days per month. The timing cri-
teria used for each vaccine are summarized in Table 1.

2.5. Statistical analysis

Demographic and clinical characteristics were analyzed using
descriptive statistics by vaccine and payer type, with categorical
variables represented by counts and proportions and cumulative
frequency. Continuous variables were represented by mean, med-
ian, standard deviation, and interquartile range.

Differences across vaccine cohorts were tested for statistical
significance using chi-square tests for categorical variables and t-
tests for continuous variables. For categorical variables with more
than two levels, pairwise chi-square tests at each level were con-
ducted. The threshold for statistical significance was 0.05.

Log-binomial regression models were used to estimate adjusted
risk ratios (RR) to compare vaccine series completion and adher-
ence to dosing schedule in the MenB-4C and MenB-FHbp cohorts
while adjusting for baseline characteristics. For the schedule
adherence analyses, two different log-binomial models were cre-
ated: the first compared overall schedule adherence between the
two vaccine cohorts; the second focused on comparing schedule
adherence in individuals who completed the MenB-4C series ver-
sus individuals completed the MenB-FHbp with two doses specifi-
cally. The outcomes were adjusted RR, 95% confidence intervals
(CI) and p-values for each explanatory variable.

Logistic regression modeling was used to explore factors associ-
ated with each vaccine series completion and schedule adherence
separately. The outcomes were adjusted odds ratios (OR) indicat-
ing increased or decreased likelihood of vaccine series comple-
tion/adherence to dosing schedule, 95% CI and p-values for each
independent variable included in the model.

Factors included in the regression modeling were age, sex,
health plan type, race, geographic region, residence density (rural
vs urban), month and year of initiation, type of encounter at initi-
ation, provider type at initiation, administration of MenACWY,
influenza and other vaccinations, baseline healthcare costs and
MenB risk status.
3. Results

3.1. Demographic and baseline characteristics

The study population meeting all the inclusion criteria com-
prised 65,205 commercially-insured individuals (36,118 initiated
MenB-4C; 29,087 initiated MenB-FHbp), and 13,535 Medicaid-
insured individuals (10,153 and 3382 of whom initiated MenB-
4C and MenB-FHbp, respectively) (Supplementary Table 2).

Fig. 1 shows the distribution of age at MenB vaccination initia-
tion for each vaccine cohort. There was little difference between
both vaccines in age at initiation, however in the Commercial pop-
ulation the age at initiation was approximately one year older than
in the Medicaid population for both vaccines. Most individuals ini-
tiated vaccination at age 16–18 years (Fig. 1), consistent with the
ACIP-recommended preferred age for MenB vaccination [3].

Demographic characteristics for the vaccine cohorts are sum-
marized in Table 2. There were no differences in sex distribution
between the cohorts, and most subjects were in urban areas.



Fig. 1. Age at vaccine series initiation by vaccine and payer type.

Table 2
Demographic characteristics by vaccine cohort and payer population.

Commercial Medicaid

MenB-4C MenB-FHbp p-value* MenB-4C MenB-FHbp p-value*

Number of individuals 36,118 29,087 10,153 3382

Sex (%)
Male 48.8% 48.5% 0.8145 48.5% 50.3% 0.0671
Female 51.2% 51.5% 51.5% 49.7% 0.0671

Residence Density (%)
Urban 92.5% 94.7% <0.0001 80.2% 84.7% <0.0001
Rural 6.2% 4.9% <0.0001 19.6% 14.9% <0.0001
Unknown 1.4% 0.5% <0.0001 0.2% 0.4% 0.0408

Geographic Region (%)
Northeast 29.2% 42.3% <0.0001 – – –
North Central 22.3% 16.9% <0.0001 – – –
South 33.6% 30.4% <0.0001 – – –
West 13.6% 9.9% <0.0001 – – –
Unknown 1.4% 0.5% <0.0001 – – –

Race (%)
White – – – 36.3% 36.8% 0.6533
Black – – – 41.9% 41.4% 0.5725
Hispanic – – – 6.9% 10.1% <0.0001
Other – – – 4.8% 1.9% <0.0001
Missing – – – 10.0% 9.9% 0.8774

Year of Index MenB Vaccination (%)
2015 6.8% 10.9% <0.0001 3.5% 4.8% 0.0006
2016 93.2% 89.1% <0.0001 96.5% 95.2% 0.0006
Age 16–18 Years on Index Date (%) 79.3% 77.3% <0.0001 98.3% 98.2% 0.5607

Type of Visit of Index Vaccination (%)
Preventive care or well-child visit 74.3% 74.2% 0.9281 76.1% 77.9% <0.0001
Vaccine-only visit 15.0% 15.6% 0.0401 9.6% 8.7% 0.1121
Other visit 10.7% 10.2% 0.0223 14.2% 13.5% 0.2530

Provider Type of First Vaccination (%)
Family medicine 9.0% 9.7% 0.0061 1.3% 3.5% <0.0001
Pediatrician 77.1% 77.2% 0.6984 31.3% 48.7% <0.0001
Internal medicine 2.2% 3.0% <0.0001 0.8% 0.5% 0.1091
Obstetrician/gynecologist 0.1% 0.1% 0.0335 0.0% 0.0% 1.0000
Other 6.8% 6.0% <0.0001 37.8% 22.4% <0.0001
Unknown 4.7% 4.0% <0.0001 28.8% 24.8% <0.0001

Variables unavailable in the database are noted with ’-’.
* The p-values refer to the comparison between vaccine cohorts for each payer population.
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In both payer populations, baseline vaccine events characteris-
tics between vaccine cohorts were relatively similar, most index
vaccinations occurred at a physician office visit, and more than
58% of all index vaccinations occurred in June, July or August (Sup-
plementary Table 3).
3.2. Vaccine completion and adherence to dosing schedule

Across both vaccines, the completion rate at 15 months after
initiation was 58% in the Commercial population and 44% in the
Medicaid population.

In the Commercial population, 63% of individuals who initiated
the MenB-4C vaccine series and 52% of individuals who initiated
Men-FHbp vaccine series completed the vaccine series within
15 months, with schedule adherence rates at 62% versus 18%,
respectively (Fig. 2). The trend was similar in the Medicaid popula-
tion, where the 15-month completion rate for MenB-4C and MenB-
FHbp initiators was 49% and 31%, respectively, and the schedule
adherence rate was 48% and 8%, respectively (Fig. 2). The differ-
ences in completion and schedule adherence between MenB-4C
and MenB-FHbp were statistically significant (p < 0.0001) in both
Medicaid and Commercial populations. In the Commercial popula-
tion, 59% of those who completed the MenB-FHbp vaccine series
completed a two-dose schedule, and 41% completed a three-dose
schedule. In the Medicaid population 71% of those who completed
the MenB-FHbp vaccine schedule completed a two-dose schedule,
and 29% completed a three-dose schedule.

In both payer populations, the cumulative proportion of indi-
viduals who completed the vaccine series was significantly
(p < 0.05) higher for MenB-4C than MenB-FHbp at all time points
during the follow-up period (Fig. 3). At 7 months after series initi-
ation, 46.9% of subjects in the Commercial population who initi-
ated with MenB-4C were fully vaccinated, compared with only
19.2% of subjects who initiated MenB-FHbp (p < 0.0001), and in
the Medicaid population 32.7% of subjects who initiated MenB-
4C had completed their series compared with only 8.9% of those
who initiated MenB-FHbp (p < 0.0001).

In both payer populations, the mean time to completion among
individuals who completed the vaccine series was significantly
(p < 0.0001) shorter for individuals initiating MenB-4C compared
with those initiating MenB-FHbp. Among the individuals who
completed each vaccine series, median time to series completion
was 68 days for MenB-4C and 258 days for MenB-FHbp in the
Fig. 2. Vaccine series completion and dosing schedule adherence rates at 15 months afte
FHbp (chi-square test).
Commercial population, and 88 days for MenB-4C and 309 days
for MenB-FHbp in the Medicaid population (Fig. 4).
3.3. Multivariable analyses

Log-binomial multivariable regression models confirmed that
after controlling for age, sex, health plan type, geographic region
(in the Commercial database), race (in the Medicaid database), res-
idence density, month and year of index MenB vaccination, index
visit type, provider type and baseline costs, the probability of vac-
cine series completion remained 22% higher for MenB-4C than
MenB-FHbp in the Commercial population (adjusted RR 1.22, 95%
CI 1.20, 1.23, P < 0.0001) and 48% higher in the Medicaid popula-
tion (adjusted RR 1.48, 95% CI 1.40, 1.56, P < 0.0001) (Table 3).

In the Commercial and Medicaid payer populations, each addi-
tional year of age at vaccine series initiation was significantly asso-
ciated with a decreased likelihood of vaccine series completion in
both the MenB-4C and MenB-FHbp vaccine cohorts. No differences
were observed by sex, and there were no notable differences by
commercial health plan type. In the Commercial population, all
geographic regions had decreased likelihood of completion com-
pared to the Northeast. Residence in a rural area in the Commercial
population was associated with decreased likelihood of completion
for both MenB-4C and MenB-FHbp, while in the Medicaid popula-
tion, rural residence was associated with higher likelihood of com-
pletion only in the MenB-FHbp cohort. In the Commercial MenB-4C
cohort, individuals who received their initial vaccination from fam-
ily medicine were 21% less likely to complete the vaccination series
while those initiating with an ‘‘other” or ‘‘unknown” provider type
were 19% and 26%, respectively, less likely to complete the vaccine
series compared with those receiving the initial vaccination from a
pediatrician. In the Commercial MenB-FHbp cohort, individuals
who received their initial vaccination from family medicine were
19% less likely to complete the vaccination series while those initi-
ating with an ‘‘other” or ‘‘unknown” provider type were 29% and
36%, respectively, less likely to complete the vaccine series com-
pared to those receiving the initial vaccination from a pediatrician.
The Medicaid MenB-4C cohort showed a similar result regarding
family medicine providers versus pediatricians: individuals initiat-
ing with a family medicine provider were 52% less likely to com-
plete the vaccination series. This was not observed in the
Medicaid MenB-FHbp cohort where no significant differences in
likelihood of completion were observed by provider type. Receipt
r vaccine series initiation by vaccine and payer type. *p < 0.0001 MenB-4C vs MenB-



Fig. 3. Vaccine series completion over time for MenB-4C and MenB-FHbp in (A) the Commercial population and (B) the Medicaid population. p < 0.05 MenB-4C vs MenB-
FHbp (chi-square test) at all time points in both populations. *Low MenB-FHbp series completion was expected prior to the ‘6 months’ mark inherently due to recommended
dosing schedule.

Fig. 4. Time to series completion (days) by vaccine and payer type d, days p < 0.0001 mean time to completion MenB-4C vs MenB-FHbp in both populations (t-test).
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Table 3
Adjusted risk ratio (RR) of vaccine series completion in the Commercial and Medicaid populations based on a log-binomial regression model.

Covariate Commercial Medicaid

RR 95% CI RR 95% CI

Vaccine Type
(Ref: MenB-FHbp)

MenB-4C 1.22 (1.20, 1.23) 1.48 (1.40, 1.56)

Age One-year increase in age 0.92 (0.92, 0.93) 0.81 (0.79, 0.84)
Sex

(Ref: Male)
Female 1.03 (1.02, 1.04) 1.03 (0.99, 1.07)

Health Plan
(Ref: EPO/PPO)

Comprehensive /Indemnity 0.95 (0.91, 0.99) 1.12 (0.88, 1.42)
POS/POS with capitation 0.99 (0.97, 1.02) – –
HMO 0.97 (0.95, 0.99) 1.14 (0.89, 1.45)
CDHP/HDHP 1.04 (1.02, 1.05) – –
Missing/ Unknown 1.06 (1.00, 1.13) – –

Geographic Region
(Ref: Northeast)

West 0.85 (0.83, 0.87) – –
South 0.82 (0.81, 0.83) – –
North Central 0.88 (0.86, 0.89) – –

Race
(Ref: White)

Black – – 0.95 (0.91, 0.99)
Hispanic – – 1.15 (1.08, 1.23)
Other – – 1.03 (0.97, 1.10)
Unknown – – 1.07 (0.99, 1.16)

Residence Density
(Ref: Urban)

Rural 0.91 (0.89, 0.94) 0.98 (0.93, 1.03)

Month of Initiation
(Ref: January)

December 0.92 (0.86, 0.99) 1.22 (0.90, 1.65)
November 0.95 (0.90, 1.00) 1.30 (0.96, 1.77)
October 0.93 (0.89, 0.98) 1.09 (0.78, 1.52)
September 0.89 (0.85, 0.93) 0.89 (0.79, 1.00)
August 0.90 (0.86, 0.94) 0.86 (0.76, 0.96)
July 0.98 (0.94, 1.02) 0.90 (0.80, 1.01)
June 1.04 (1.00, 1.09) 1.00 (0.89, 1.12)
May 1.00 (0.95, 1.05) 0.95 (0.84, 1.08)
April 0.92 (0.87, 0.97) 0.85 (0.74, 0.97)
March 0.93 (0.88, 0.99) 0.94 (0.82, 1.07)
February 0.96 (0.90, 1.01) 0.93 (0.80, 1.08)

Year of Initiation
(Ref: 2015)

2016 0.95 (0.92, 0.97) 1.19 (0.94, 1.51)

Type of Encounter at Initiation
(Ref: Preventive/ Well Child)

Other visit 1.00 (0.98, 1.02) 1.12 (1.06, 1.17)
Vaccine-only visit 1.00 (0.99, 1.02) 0.91 (0.84, 0.98)

Provider Type at Initiation
(Ref: Pediatrician)

Family medicine 0.89 (0.87, 0.91) 0.68 (0.55, 0.85)
Internal medicine 0.93 (0.88, 0.97) 1.01 (0.78, 1.32)
Other 0.89 (0.87, 0.92) 1.21 (1.14, 1.27)
None/Unknown 0.86 (0.83, 0.89) 1.07 (1.01, 1.14)

Cost 10% increase in baseline cost 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)

CDHP, consumer-driven health plan; CI, confidence interval; EPO, exclusive provider organization; HDHP, high-deductible health plan; HMO, health maintenance organi-
zation; POS, point of service; PPO, preferred provider organization; Ref, referent group; RR, risk ratio.
Variables unavailable in the database are noted with ’-’.
Bold text indicates p < 0.05.
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of vaccinations other than MenB in the post-index period was con-
sistently a significant factor in completing each vaccine series:
receipt of MenACWY and influenza vaccination in the post-index
period was significantly associated with increased likelihood of
vaccine series completion, while receipt of other catch-up vaccina-
tions was associated with decreased likelihood of completion
(Table 4).

Vaccine series adherence to dosing schedule was also higher for
individuals initiating MenB-4C than those initiating MenB-FHbp in
the Commercial population (adjusted RR 3.48, 95% CI 3.39, 3.57,
P < 0.0001), and in the Medicaid population (adjusted RR 6.06,
95% CI 5.38, 6.83, P < 0.0001), after adjusting for demographic
and index vaccination characteristics (Supplementary Table 4).

In the Commercial population, those who completed the
MenB-4C vaccine series were more likely to be adherent to the
recommended vaccination schedule compared with those who
completed the MenB-FHbp vaccine series with two doses (adjusted
RR 3.69, 95% CI 3.56, 3.82, P < 0.0001). In the Medicaid population,
those who completed the MenB-4C series were more likely to be
adherent to the vaccination schedule compared with those who
completed the two-dose MenB-FHbp series (adjusted RR 5.40,
95% CI 4.61, 6.32, P < 0.0001). There were no notable effects on ser-
ies schedule adherence due to other covariates in the model after
adjusting for vaccine type (Supplementary Table 5).
Similar to vaccine series completion, each additional year of age
was associated with decreased likelihood of vaccine series adher-
ence to dosing schedule in all models. In the MenB-4C cohorts, fac-
tors associated with vaccine series schedule adherence were
almost identical in significance and effect size to factors associated
with completion, as adherence to dosing schedule among com-
pleters was close to 100 percent in both payer populations. In
the MenB-FHbp cohorts, notable factors impacting likelihood of
schedule adherence included the month of vaccine series initiation
(Supplementary Table 6).

4. Discussion

To our knowledge, this is the first study to evaluate vaccine ser-
ies completion and dosing schedule adherence for the two MenB
vaccines currently licensed and recommended for use in the US,
MenB-4C and MenB-FHbp.

Overall, the completion rates at 15 months of follow-up were
only moderate for both vaccines, at 58% across both vaccines in
the Commercial population and 44% across both vaccines in the
Medicaid population, although completion was higher in individu-
als who initiated MenB-4C than those who initiated Men-FHbp in
both payer populations. This indicates that additional efforts are
needed to improve the completion rate for MenB vaccine series



Table 4
Adjusted OR of vaccine series completion by vaccine in the Commercial and Medicaid populations.

Covariate MenB-4C MenB-FHbp

Commercial Medicaid Commercial Medicaid

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Age One-year increase in age 0.84 (0.82, 0.86) 0.75 (0.70, 0.79) 0.76 (0.74, 0.77) 0.62 (0.55, 0.70)
Sex

(Ref: Male)
Female 1.05 (1.00, 1.09) 1.02 (0.94, 1.11) 1.00 (0.95, 1.05) 1.03 (0.88, 1.20)

Geographic Region
(Ref: Northeast)

West 0.67 (0.62, 0.73) – – 0.59 (0.54, 0.64) – –
South 0.58 (0.54, 0.61) – – 0.65 (0.61, 0.69) – –
North Central 0.70 (0.66, 0.75) – – 0.70 (0.65, 0.75) – –

Race
(Ref: White)

Black – – 0.90 (0.82, 0.99) – – 1.22 (1.02, 1.47)
Hispanic – – 1.13 (0.95, 1.35) – – 1.67 (1.26, 2.21)
Other – – 1.01 (0.87, 1.18) – – 1.49 (1.12, 1.99)
Unknown – – 1.20 (0.98, 1.46) – – 1.50 (0.86, 2.63)

Residence Density
(ref: Urban)

Rural 0.87 (0.80, 0.96) 0.91 (0.82, 1.01) 0.81 (0.72, 0.91) 1.30 (1.03, 1.62)

Month of Initiation
(Ref: January)

December 0.85 (0.64, 1.11) 1.05 (0.53, 2.09) 0.81 (0.62, 1.07) 2.28 (0.51, 10.21)
November 0.93 (0.75, 1.14) 1.28 (0.63, 2.62) 0.79 (0.63, 0.98) 1.81 (0.38, 8.58)
October 0.89 (0.73, 1.08) 0.80 (0.39, 1.66) 0.69 (0.55, 0.85) 1.76 (0.35, 8.81)
September 0.77 (0.64, 0.93) 0.80 (0.58, 1.09) 0.67 (0.55, 0.83) 0.51 (0.28, 0.94)
August 0.78 (0.65, 0.93) 0.82 (0.60, 1.13) 0.74 (0.61, 0.90) 0.55 (0.30, 1.01)
July 1.14 (0.95, 1.37) 0.97 (0.71, 1.33) 0.80 (0.66, 0.98) 0.68 (0.37, 1.25)
June 1.46 (1.22, 1.76) 1.32 (0.96, 1.82) 0.97 (0.79, 1.19) 0.74 (0.40, 1.35)
May 1.35 (1.11, 1.64) 1.14 (0.81, 1.59) 0.86 (0.69, 1.07) 0.66 (0.35, 1.26)
April 1.06 (0.86, 1.31) 0.97 (0.69, 1.37) 0.71 (0.56, 0.90) 0.47 (0.24, 0.93)
March 1.12 (0.90, 1.39) 1.00 (0.71, 1.42) 0.70 (0.55, 0.88) 0.53 (0.28, 1.03)
February 0.94 (0.74, 1.19) 0.93 (0.64, 1.36) 0.95 (0.73, 1.24) 0.68 (0.34, 1.37)

Type of Encounter at Initiation
(Ref: Preventive/Well Child)

Other visit 1.01 (0.94, 1.09) 1.20 (1.06, 1.37) 0.84 (0.77, 0.92) 0.78 (0.60, 0.99)
Vaccine-only visit 1.15 (1.07, 1.23) 0.95 (0.81, 1.11) 0.95 (0.88, 1.02) 0.81 (0.59, 1.11)

Provider Type at Initiation
(Ref: Pediatrician)

Family medicine 0.79 (0.73, 0.85) 0.48 (0.32, 0.73) 0.81 (0.75, 0.89) 0.83 (0.52, 1.35)
Internal medicine 0.88 (0.76, 1.03) 1.18 (0.73, 1.93) 0.79 (0.68, 0.91) 0.42 (0.09, 1.94)
Other 0.81 (0.74, 0.88) 1.38 (1.23, 1.56) 0.71 (0.64, 0.79) 1.65 (1.34, 2.03)
None/Unknown 0.74 (0.66, 0.82) 1.06 (0.93, 1.20) 0.64 (0.56, 0.74) 1.04 (0.83, 1.31)

MenACWY Vaccination
(Ref: Not Administered)

On index date 0.80 (0.76, 0.84) 1.09 (0.99, 1.21) 0.72 (0.67, 0.76) 1.04 (0.86, 1.26)
After index date 1.89 (1.61, 2.21) 4.44 (3.31, 5.96) 1.66 (1.44, 1.91) 2.50 (1.69, 3.71)
Before index date 0.83 (0.73, 0.94) 1.25 (0.99, 1.60) 0.87 (0.77, 0.99) 1.38 (0.92, 2.05)

Influenza Vaccination
(Ref: Not Administered)

Before/on index but not post index 1.13 (0.97, 1.31) 1.17 (0.90, 1.52) 1.27 (1.07, 1.51) 0.91 (0.56, 1.49)
Post index but not before/on index 2.54 (2.40, 2.69) 3.11 (2.77, 3.49) 2.13 (2.00, 2.26) 2.63 (2.17, 3.19)
Before/on index and post index 1.62 (1.50, 1.76) 1.76 (1.51, 2.05) 1.64 (1.52, 1.78) 2.57 (1.91, 3.45)

Other Vaccinations
(Ref: Not Administered)

After/on index date 0.92 (0.87, 0.96) 0.74 (0.68, 0.81) NS NS 0.78 (0.66, 0.92)
Before index date 0.92 (0.81, 1.05) 0.56 (0.42, 0.75) NS NS 0.63 (0.37, 1.07)

High Risk* High risk condition during baseline NS NS 1.69 (1.07, 2.67) 0.69 (0.31, 1.52) NS NS

CI, confidence interval; NS, variable not selected for inclusion in the final model; OR, odds ratio; Ref, referent group.
Variables unavailable in the database are noted with ’-’.
Covariates for which adjusted ORs were non-statistically significant or close to 1 not shown; these included the health plan type, the year of initiation, the total baseline
healthcare costs, the total follow-up healthcare costs and the number of outpatient visits during follow-up.
Bold text indicates p < 0.05.

* High risk group here included individuals with medical or pharmacy claims for conditions with category A recommendation for MenB vaccination (asplenia, sickle cell
anemia, complement component deficiency, or eculizumab use) and also individuals with medical claims for HIV infection during the six-month baseline period.

5906 E. Packnett et al. / Vaccine 37 (2019) 5899–5908
in order to ensure full protective benefits of MenB vaccination. The
results of this study suggest that individuals who initiated vaccina-
tion with MenB-4C were more likely to complete the series than
those who initiated with MenB-FHbp. The definition of completion
comprised two or three doses for MenB-FHbp (two doses with the
second dose at least 6 months after the first one, or three doses
with the second dose < 6 months after the first and the third at
any time during follow-up) and two doses for MenB-4C at least
one month apart. The difference in completion rates between vac-
cines was consistent across both Commercial and Medicaid popu-
lations, even after adjusting for individual characteristics in
multivariable analyses. Adherence to the recommended vaccine
dose schedule was also significantly higher for MenB-4C than for
MenB-FHbp, regardless of payer population, and this difference
also persisted in multivariable analyses. The time to completion
of the vaccine series was substantially shorter for MenB-4C com-
pared with MenB-FHbp, in both the Commercial and Medicaid
populations. These observed differences may be due in part to
the flexible dosing schedule of MenB-4C which allows for adminis-
tration of the second dose at any interval at least one month after
the first dose, whereas the MenB-FHbp schedule requires two
doses 6 months apart or three doses at 0, 1–2 and 6 months. While
higher completion rates were to be expected for MenB-4C com-
pared to MenB-FHbp within the first 6 months after dose 1, inher-
ent to their specific dosing schedules, this trend remained
significant throughout the rest of the follow-up period.

While currently there is no upper limit for administration of
dose 2 of MenB-4C, it is important to note that the degree of pro-
tection afforded during the inter-dose period is uncertain. A Phase
3 study in adolescents showed that hSBA titers ranged from 93 to
96% after a single dose, however waning of all antibody titers was
evident by 2 months and titers continued to decline after 6 months
in participants who did not receive a second dose [10]. For MenB-
FHbp, there are no published data relating to the immunogenicity
or protection of a single vaccine dose. It is therefore critical to opti-
mize protection against MenB disease by ensuring vaccine series
completion in line with the respective licensed indication for each
vaccine.

The rates of vaccine series completion reported in this study are
consistent with other vaccines in older adolescents in the US. A
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systematic review of studies of multi-dose vaccination in adoles-
cents reported completion rates ranging from 27% to over 90%
[11]. A previous study of hepatitis B vaccination in a high-risk
cohort found that an accelerated vaccination schedule and shorter
time between visits were significant predictors of vaccine comple-
tion rate [12], consistent with our observations of higher comple-
tion for the shorter MenB-4C schedule (two doses > 1 month
apart) compared with the longer MenB-FHbp schedule (two doses
6 months apart or three doses at 0, 1–2 and 6 months) in the pre-
sent study.

The mean age at vaccination initiation in the Commercial pop-
ulation was older than in the Medicaid population, for both vac-
cines. The age at vaccination in the Commercial population may
reflect individuals being vaccinated prior to beginning college.
There may be more individuals in the Medicaid population than
the Commercial population who take advantage of the earlier vac-
cination platform at age 16 years that aligns with the MenACWY
booster dose, as Medicaid providers attempt to maximize vaccina-
tion opportunity and administer vaccines sooner rather than later.
In the Commercial population, series completion was significantly
higher among individuals who initiated MenB-4C vaccination in
June, which may indicate that the flexible MenB-4C dosing sched-
ule allows individuals to receive all necessary doses before begin-
ning college. Each additional year of age of vaccine series initiation
was associated with a statistically significant decreased probability
of vaccine completion and adherence to dosing schedule, regard-
less of vaccine type, in both the Commercial and Medicaid payer
populations. This finding is consistent with previous studies that
have reported higher completion rates in younger adolescents
compared with older adolescents [11], and suggests that interven-
tions aimed at improving series completion should give considera-
tion to vaccine timing for series initiation. To maximize the
potential vaccine benefit, it is important that the MenB vaccine ser-
ies is completed as recommended by the ACIP to maximize the
likelihood of protection lasting into the period of highest age-
related risk [3].

Although both payer populations showed statistically signifi-
cantly higher completion and adherence rates for MenB-4C than
MenB-FHbp after adjusting for covariates, the differences were
greater in the Medicaid than in the Commercial population. The
adjusted RR for completion was 1.48 (95% CI 1.40, 1.56,
P < 0.0001) in the Medicaid population compared with 1.22 (95%
CI 1.20, 1.23, P < 0.0001) in the Commercial population, and the
adjusted RR for adherence was 6.06 (95% CI 5.38, 6.83,
P < 0.0001) and 3.48 (95% CI 3.39, 3.57], P < 0.0001), respectively.
Time to completion was significantly shorter for MenB-4C than
MenB-FHbp in both payer populations; however, the median time
to completion was longer in the Medicaid than the Commercial
population for both vaccines. The relationship between provider
type at MenB vaccination series initiation and series completion/
adherence to dosing schedule differed between the Commercial
and Medicaid populations. In the Commercial population, individ-
uals who initiated a MenB vaccine series with a pediatrician were
significantly more likely to complete the series and adhere to the
dose schedule, whereas in the Medicaid population those who ini-
tiated with provider types other than family medicine, internal
medicine or pediatrician were more likely to complete the series
and respect the schedule. The Commercial and Medicaid popula-
tions also differed in the distribution of provider type at time of
vaccine initiation, possibly reflecting differences in healthcare uti-
lization between the commercially-insured and Medicaid
populations.

The main strengths of the present study include the large sam-
ple size and the use of routinely collected real-world data from
national samples representing both commercially-insured individ-
uals and individuals covered by Medicaid. The observations of
improved completion and schedule adherence rates for MenB-4C
compared with MenB-FHbp were consistent across both the Com-
mercial and Medicaid populations, and persisted after adjusting for
individual factors in multivariable analyses, suggesting that the
results were not skewed by population differences in demographic
or other characteristics. The criteria used for completion and
schedule adherence have a positive bias for MenB-FHbp estimates,
since MenB-FHbp was retroactively considered complete with
either two or three doses and the time windows to define comple-
tion/adherence were permissive. This is likely to provide a conser-
vative estimate of the difference between the vaccine cohorts.

This study has some limitations inherent in any retrospective
study conducted using claims databases. Claims databases do not
record information on social, cognitive or institutional factors that
may influence vaccination behavior. The data are limited to health
information included in reimbursement claims, and thus any vac-
cination that did not generate a claim would not be captured in
this analysis. As the databases rely on administrative claims data
for clinical detail, there is the potential for clinical characteristics
to be miscoded or missing.

The study was limited by the time frame of data availability in
conjunction with the continuous enrollment restrictions. The same
definition of completion was used for all individuals regardless of
risk status, even though the ACIP recommends a three-dose
MenB-FHbp schedule for individuals at increased risk. It is there-
fore possible that some high-risk individuals may have been clas-
sified as completers in this study with only two doses, which
could contribute to an overestimate of the completion rate for
MenB-FHbp. The proportion of individuals identified in the 6-
month baseline period at high-risk due to underlying medical con-
ditions in the MenB-FHbp cohort was however very small in this
study in both payer populations. Finally, individuals receiving
mixed MenB-4C or MenB-FHbp vaccinations were excluded, so
any subjects who switched vaccine product for any reason were
not captured in this study, although the numbers were small.

Due to design constraints to allow for 15 months of follow-up
with the most recent available data, this study only included sub-
jects who initiated vaccination in 2015 or 2016, when the MenB
vaccine recommendations were relatively new. It therefore pro-
vides a picture of vaccine use in the first 2–3 years after licensing
and recommendations. Future studies may be helpful to under-
stand how MenB vaccine use may evolve with time.
5. Conclusion

In this study, MenB vaccination completion and dose schedule
adherence rates were suboptimal across vaccine and payer types,
with ample room for improvement. Vaccine series completion
and adherence to dosing schedule were higher for MenB-4C than
MenB-FHbp, across commercially-insured and Medicaid-covered
individuals and after adjusting for individual characteristics in
multivariable analyses. The time to completion of the vaccine ser-
ies was substantially shorter for MenB-4C compared with MenB-
FHbp, in both the Commercial and Medicaid populations. These
observed differences in completion and schedule adherence may
reflect the flexible dosing schedule of MenB-4C, which allows for
administration of the second dose at any interval at least one
month after the first dose.
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