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ABSTRACT

Introduction: A 13-valent pneumococcal con-
jugate vaccine (PCV13) was licensed to protect
against emerging Streptococcus pneumoniae ser-
otypes. Healthcare services, including routine
childhood immunizations, were disrupted as a
result of coronavirus disease 2019 (COVID-19).
This study compared PCV13 routine vaccina-
tion completion and adherence among US
infants before and during the COVID-19 pan-
demic and the relationship between primary
and booster dose completion and adherence.
Methods: Retrospective data from Optum’s de-
identified Clinformatics� Data Mart were used
to create three cohorts using data collected

between January 2017 and December 2020:
cohort 1 (C1), pre-COVID; cohort 2 (C2), cross-
COVID; and cohort 3 (C3), during COVID.
Study endpoints were completion and adher-
ence to the primary PCV13 series (analyzed
using univariate logistic regression) and com-
pletion of and adherence to the booster dose
(analyzed descriptively).
Results: The analysis included 142,853 infants
in C1, 27,211 infants in C2, and 53,306 infants
in C3. Among infants with at least 8 months of
follow-up from birth, three-primary-dose com-
pletion (receipt of all three doses within
8 months after birth) and adherence (receipt of
doses at recommended times) were significantly
higher before (C1 and C2) versus during (C3)
COVID-19 (odds ratio [OR] 1.12 [95% confi-
dence interval [CI] 1.07, 1.16] and OR 1.10
[95% CI 1.05, 1.15], respectively). A signifi-
cantly higher percentage of infants received a
booster dose before versus during COVID-19
(83.2% vs. 80.2%; OR 1.23; 95% CI 1.17, 1.29);
similarly, booster dose adherence was higher
before than during COVID-19 (51.2% vs. 47.4%;
OR 1.17; 95% CI 1.13, 1.21). The odds of boos-
ter dose completion were 8.26 (95% CI 7.92,
8.60) and 7.90 (95% CI 7.14, 8.74) times as
likely in infants who completed all three pri-
mary doses than in infants who did not com-
plete primary doses before COVID-19 and
during COVID-19, respectively.
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Conclusions: PCV13 full completion was lower
during the COVID-19 pandemic compared with
pre-pandemic (79.0% vs. 77.1%).

Keywords: Pneumococcal conjugate vaccine;
Completion; Adherence; COVID-19; Pediatric
vaccination

Key Summary Points

Why carry out this study?

Healthcare services, including routine
well-child visits and childhood
immunizations, were disrupted as a result
of coronavirus disease 2019 (COVID-19).

This study compared routine vaccination
completion and adherence of the
13-valent pneumococcal conjugate
vaccine (PCV13) among US infants before
and during the COVID-19 pandemic and
the relationship between primary dose
and booster dose completion and
adherence.

What was learned from the study?

Among infants with at least 8 months of
follow-up from birth, three-primary-dose
completion (79.0% vs. 77.1%) and
adherence (9.9% vs. 9.1%) were
statistically significantly higher before
compared with during COVID-19.

Among US infants, rates of PCV13
completion and adherence were
statistically lower during the COVID-19
pandemic compared with before the
pandemic, and primary series completion
and adherence were associated with
higher booster completion and
adherence.

INTRODUCTION

Streptococcus pneumoniae (pneumococcus) is a
major cause of pneumonia, bacteremia,

meningitis, and acute otitis media among chil-
dren worldwide [1, 2]. Before the routine use of
pneumococcal conjugate vaccines (PCVs) in the
USA, a substantial burden of invasive pneumo-
coccal disease (IPD) was observed in children
less than 5 years of age; approximately 17,000
cases of IPD and 200 related deaths occurred
annually, and children who suffered with cer-
tain chronic medical conditions were at
increased risk [2, 3].

Following the implementation of routine
vaccination with the seven-valent PCV (PCV7)
among infants and children in the USA in 2000,
the incidence of IPD dropped sharply in both
vaccinated and unvaccinated individuals [4]. In
2010, a 13-valent PCV (PCV13) was licensed to
protect against emerging serotypes not covered
in PCV7, and consequently the Centers for
Disease Control and Prevention (CDC) Advisory
Committee on Immunization Practices (ACIP)
recommended replacement of PCV7 with
PCV13 and provision of PCV13 as a 3 ? 1 dose
schedule (a three-dose primary series at 2, 4, and
6 months of age, and booster dose at 12–-
15 months of age) to infants and young chil-
dren in the USA [5]. These recommendations
are consistent with current guidelines [6]. After
the introduction of PCV13 into the childhood
immunization program, the annual incidence
of IPD in the USA continued to decline, from 22
per 100,000 in 2009 to 7 per 100,000 in 2018
among children less than 5 years of age [7, 8].
By 2012, childhood vaccination with PCV13
was associated with a 21% reduction in hospital
admissions due to all-cause pneumonia among
children less than 2 years of age [9]. Between
2011 and 2016, annual reductions in the inci-
dence of acute otitis media were also observed
among children 9 years of age or younger in the
USA, with an overall reduction of 25% over this
period [10]. Similar to those observed with
PCV7, indirect effects of PCV13 infant vacci-
nation were also observed among unvaccinated
adults [11, 12].

Infants are at higher risk of pneumococcal
disease than children in other age groups [13].
Adherence to age-appropriate recommended
vaccination dosing schedule is essential for
ensuring full protection against vaccine-
preventable disease. For PCV13, the current
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3 ? 1 dose schedule was recommended by ACIP
on the basis of accumulating evidence, includ-
ing clinical efficacy and effectiveness demon-
strated by 3 ? 1 dose schedule of PCV7 and a
greater immune response induced by three-dose
schedule of PCV13 than a two-dose schedule for
most serotypes and that a booster dose further
enhances the immune response and affords
greater long-term protection against IPD
[2, 5, 14–17]. Additionally, delaying completion
of the primary series may place young infants at
increased risk for disease [14]. According to the
most recent CDC National Immunization Sur-
vey of children born between 2017 and 2018,
92.4% had received at least three doses of
PCV13 and only 82.3% had received four doses
or more by 24 months of age [18]. Although
PCV13 vaccination coverage is higher than for
some other ACIP-recommended childhood
vaccines (e.g., hepatitis A, rotavirus, and influ-
enza [two doses or more]) [18], coverage does
not meet the goal set by the US Office of Disease
Prevention and Health Promotion (Healthy
People 2020), which targets at least 90% of
children 19 to 35 months of age receiving all
four PCV13 doses [19].

On March 13, 2020, the USA declared a
national state of emergency concerning coron-
avirus disease 2019 (COVID-19). In response to
the COVID-19 pandemic, mitigation measures,
such as social distancing and stay-at-home
orders, were put in place to prevent the com-
munity spread of the disease. Nearly all aspects of
society have been disrupted since then, includ-
ing healthcare services such as routine well-child
visits and childhood immunizations [20]. For
example, data from the CDC indicated a
steep decline in physician orders of ACIP-
recommended non-influenza childhood vaccines
after the national emergency was declared [20].

The aims of the study were to compare
PCV13 routine vaccination completion and
adherence among US infants before and during
the COVID-19 pandemic, as well as the rela-
tionship between primary dose and booster
dose completion and adherence. The potential
effects of demographic, socioeconomic, and
clinical factors on changes in vaccination
completion and adherence during the COVID-
19 era were also evaluated.

METHODS

Study Design and Data Source

This retrospective, observational, longitudinal
cohort study was performed using de-identified
data from the Optum Clinformatics� Data Mart
(CDM) database. The CDM is derived from an
administrative commercial claims database for
members of commercial and Medicare Advan-
tage health plans. The database includes enrol-
lees from all 50 US states. In addition to medical
and pharmacy claims, the CDM contains
information on patient characteristics. Because
all patient-level data in this database were de-
identified, use for health services research was
fully compliant with US federal law and,
accordingly, institutional review board/ethical
approval was not needed. The study was con-
ducted in accordance with legal and regulatory
requirements, as well as with scientific purpose,
value, and rigor and followed generally accep-
ted research practices described in Guidelines
for Good Pharmacoepidemiology Practices
issued by the International Society for Pharma-
coepidemiology [21] and Good Practices for
Outcomes Research issued by the International
Society for Pharmacoeconomics and Outcomes
Research [22].

Study Periods and Study Population

The study population comprised three cohorts
(Fig. 1). Study cohort 1 (pre-COVID) included
participants born between January 1, 2017 and
August 31, 2018 who were scheduled to com-
plete both the PCV13 primary series and booster
dose by the end of February 2020, before
COVID-19, according to ACIP recommenda-
tions. Study cohort 2 (cross-COVID) included
participants born between April 1, 2019 and
July 31, 2019 who were scheduled to have their
primary series before COVID-19 (by the end of
February 2020) and to have their booster during
the COVID-19 era, between March and
December 2020. Study cohort 3 (during COVID)
included participants born between February 1,
2020 and October 31, 2020 who were scheduled
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to complete at least one dose of the PCV13
primary series by the end of December 2020.

The study index date was defined as the date
of the first healthcare encounter for care of
newborns 28 days of age or younger. Interna-
tional Classification of Diseases, Ninth and
Tenth Revision, Clinical Modification diagnosis
and current procedural terminology codes
indicating newborn and neonatal healthcare
encounters (e.g., routine examinations, neona-
tal care) were used to assign index dates (Sup-
plemental Table 1). Across all three cohorts, a
minimum follow-up period of 42 days was
required for inclusion in the study. Infants were
followed for up to 20 months or until they were
lost to follow-up or died, whichever occurred
first. Infants were excluded if they were identi-
fied as coming from the same household or
family.

Endpoints of Interest

Study endpoints were completion of and
adherence to the primary PCV13 series and
completion of and adherence to the booster
dose. Completion of the primary series was
defined as receiving all three doses in the series
within the first 8 months (42–245 days) after
birth; partial completion was defined as receiv-
ing one or two doses. Adherence to the primary
series was defined as receiving the doses (one,
two, or all three) according to the dosing
schedule recommended by ACIP (at 2, 4, and
6 months of age; at 42–65, 85–125, and
145–185 days, respectively). Completion of the
booster dose was defined as receiving a booster

within 12–18 months of age (between 335 and
545 days), and adherence to the booster dose
was defined as receiving a booster within 12–-
15 months of age (between 335 and 455 days),
as recommended by ACIP.

Disparity analyses were also performed in
this study that evaluated the effects of demo-
graphic, socioeconomic, and clinical character-
istics on the aforementioned endpoints to
determine whether PCV13 vaccination rates
were disproportionately affected by COVID-19
within certain subgroups. Characteristics of
interest included sex, parent/caregiver age, race/
ethnicity, US census division, insurance type,
number of children in the household, median
neighborhood education level (per census
block), and household annual income. Analysis
was also performed according to whether
infants had any medical conditions putting
them at increased risk of pneumococcal disease.
Three risk groups were evaluated: (1) sickle cell
disease, asplenia, HIV, or cancer; (2) diabetes
type 1 or 2; nephrotic syndrome; chronic heart,
lung, or kidney disease; or cerebrospinal fluid
leaks; and (3) birth defects, preterm birth, or low
birth weight.

Statistical Analysis

Demographic and clinical characteristics were
summarized using means and standard devia-
tions or medians and ranges for continuous
variables and percentages for categorical vari-
ables. No statistical hypotheses were formulated
because the analyses were primarily descriptive.

Fig. 1 Study cohorts. COVID/COVID-19 = coronavirus disease 2019
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For the analyses on completion of and
adherence to the primary series, univariate
logistic regression was conducted to calculate
the odds ratio (OR) and 95% CI of primary dose
completion or adherence in cohorts 1 and 2
(pre-COVID and cross-COVID, respectively)
versus cohort 3 (during COVID). Descriptive
analyses were performed to describe booster
dose completion and adherence in relation to
primary dose completion and adherence.

To explore disparities, multivariable bino-
mial logistic regression was used to calculate
ORs and 95% CIs of full completion versus not
full (partial completion [one or two doses] or no
vaccine) adjusting for demographic, socioeco-
nomic, and clinical characteristics. Final multi-
variable models were generated using backward
stepwise selection and a 0.10 significance level.
To compare the odds of full completion of the
primary PCV13 series before and during
COVID-19 in different subgroups, separate
logistic regression models were generated,
including the cohort indicator, the characteris-
tic, and their interaction. Analyses were per-
formed using non-missing observations for each
characteristic, except for number of children in
household, race/ethnicity, neighborhood edu-
cation level, and annual household income,
where missing categories were included.

RESULTS

Participants

There were 142,853 infants in cohort 1 (pre-
COVID), 27,211 infants in cohort 2 (cross-
COVID), and 53,306 infants in cohort 3 (during
COVID; Table 1, Supplemental Fig. 1) extracted
on the basis of the study criteria. Across all three
cohorts, nearly all participants (more than 97%)
had at least 2 months of follow-up. Percentages
of participants with sufficient follow-up to
assess primary dose series completion (at least
8 months) were 76.9%, 27.8%, and 73.7% across
cohorts 1 to 3, respectively. In cohorts 1 and 3,
55.7% and 44.5% of participants, respectively,
had sufficient follow-up to assess booster dose
completion (at least 18 months).

Demographic and socioeconomic character-
istics were relatively comparable across the
three cohorts (Table 1). Approximately 51% of
infants were male, and the mean age of par-
ents/caregivers was approximately 32 years. The
majority of infants were White (cohort per-
centages ranged from 56.9% to 67.1%);
7.1–9.4% were Asian, 6.3–7.0% were Black, and
9.9–11.7% were Hispanic. Across the three
cohorts, 10.6–12.1% of participants had a
neighborhood education level of high school
completion or less per census block median
value, and 34.4–45.7% of participants had an
annual household income of at least
100,000 USD. Most infants were from families
with one child (38.2–43.9%) or two children
(24.7–38.1%).

Dose Completion and Adherence

The percentage of infants who completed the
full three-dose primary series was higher before
COVID-19 (79.0% in cohorts 1 and 2) than
during COVID-19 (77.1% in cohort 3; OR 1.12;
95% CI 1.07, 1.16; Table 2). Before COVID-19,
infants were also more likely to have full
adherence to the primary dosing schedule
(9.9% before COVID-19 vs. 9.1% during
COVID-19; OR 1.10; 95% CI 1.05, 1.15). The
percentage of infants who received a booster
dose was significantly higher before COVID-19
than during COVID-19 (83.2% vs. 80.2%; OR
1.23; 95% CI 1.17, 1.29; Table 3); similarly,
booster dose adherence was higher before
COVID-19 than during COVID-19 (51.2% vs.
47.4%; OR 1.17; 95% CI 1.13, 1.21).

Among infants who completed the booster
dose, 86.6% and 87.9% completed primary
dosing series before COVID and cross-COVID,
respectively; among infants who did not com-
plete the booster dose, 43.9% and 48.0% com-
pleted the primary dosing series (Table 4). The
odds of booster dose completion were 8.26
(95% CI 7.92, 8.60) and 7.90 (95% CI 7.14, 8.74)
times as likely in infants who completed all
three primary doses than in infants who did not
complete all three primary doses before COVID-
19 and cross-COVID-19, respectively. Addi-
tionally, booster dose adherence was
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Table 1 Social and demographic characteristics of infants in cohorts 1, 2, and 3

Characteristica Cohort 1: Pre-
COVID-19
(n = 142,853)

Cohort 2: Cross-
COVID-19
(n = 27,211)

Cohort 3: During
COVID-19
(n = 53,306)

Duration of follow-up, days

Mean (SD) 445.5 (195.4) 426.5 (186.5) 185.4 (80.0)

C 65 (2 months) 97.6 98.0 97.2

C 125 (4 months) 90.4 91.6 71.3

C 185 (6 months) 83.2 83.0 47.7

C 245 (8 months) 76.9 73.7 27.8

C 455 (15 months) 61.2 60.0 0.0

C 545 (18 months) 55.7 44.5 0.0

Caregiver age

Mean (SD), years 32.5 (4.8) 32.5 (4.8) 32.5 (4.8)

B 24 3.8 3.9 3.8

25–34 64.4 63.8 63.9

C 35 31.8 32.2 32.2

Missing/unknown 0.1 0.1 0.1

Sex

Male 51.2 51.8 51.5

Female 48.8 48.2 48.5

Other/unknown \ 0.1 \ 0.1 \ 0.1

Race/ethnicity

Asian 9.4 7.9 7.1

Black 7.0 6.3 6.4

Hispanic 11.7 11.0 9.9

White 67.1 60.1 56.9

Multiple \ 0.1 \ 0.1 \ 0.1

Missing/unknown 4.8 14.7 19.7

Census division

East North Central 15.8 14.7 15.2

East South Central 3.5 3.4 3.6

Middle Atlantic 7.5 7.4 7.3

Mountain 11.5 11.8 11.4

New England 2.5 3.0 2.8

2146 Infect Dis Ther (2022) 11:2141–2158



Table 1 continued

Characteristica Cohort 1: Pre-
COVID-19
(n = 142,853)

Cohort 2: Cross-
COVID-19
(n = 27,211)

Cohort 3: During
COVID-19
(n = 53,306)

Pacific 10.5 10.8 10.2

South Atlantic 19.8 20.8 20.9

West North Central 12.7 13.3 13.9

West South Central 15.6 14.5 14.4

Multiple 0.0 0.0 0.0

Other/unknown 0.5 0.3 0.3

Insurance type

EPO 10.4 11.6 11.4

PPO or POS 79.1 77.6 77.5

HMOb 10.5 10.8 11.1

Unknown \ 0.1 \ 0.1 \ 0.1

Number of children in household

1 38.2 43.7 43.9

2 38.1 28.5 24.7

C 3 20.6 14.8 13.3

Missing/unknown 3.1 13.0 18.1

Neighborhood education level, medianc

High school or less 12.1 11.3 10.6

Less than bachelor degree 51.7 46.7 44.1

Bachelor degree or higher 32.9 28.9 27.0

Missing/unknown 3.3 13.2 18.3

Household income, USD

\ 40,000 8.1 7.9 7.9

40,000–74,000 18.0 16.9 16.5

75,000–99,000 12.6 11.9 10.8

C 100,000 45.7 37.3 34.4

Missing/unknown 15.5 25.9 30.4

With sickle cell disease, asplenia, HIV, or cancer 0.3 0.3 0.3

With diabetes; nephrotic syndrome; chronic heart, lung,

or kidney disease; or CSF

1.3 1.3 0.4
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significantly higher in infants who completed
all three primary doses than in infants who did
not complete all three primary doses before
COVID-19 (OR 2.34; 95% CI 2.27, 2.43) and
cross-COVID-19 (OR 2.74; 95% CI 2.52, 2.97;
Table 5). Booster dose completion and adher-
ence were also higher in infants who adhered to
all three primary doses.

Disparity Analyses

Overall, adjusting for COVID-19, the vaccine
completion rates varied according to demo-
graphic, socioeconomic, and clinical character-
istics (Fig. 2). Compared with infants who
completed the full vaccination schedule, those
who either partially completed or did not
receive the vaccine were more likely to be Black,
have parents/caregivers less than 25 years of
age, come from households with at least two
children and less than 100,000 USD in annual
income, and come from neighborhoods with a
median education level of high school or less.
The highest likelihood of full completion was
observed among infants in the West North
Central region of the USA, and the lowest like-
lihood was observed in New England. In the
analysis of medical comorbidities, infants were
significantly less likely to complete the full
vaccination series if they had sickle cell disease;
asplenia; HIV; cancer; diabetes; nephrotic syn-
drome; chronic heart, lung, or kidney disease;
birth defects; preterm birth; or low birth weight.
In the multivariable models including

demographic, socioeconomic, and clinical
characteristics comparing full versus partial or
no adherence, trends were similar to those
observed with full completion with respect to
age, number of children, household income,
and medical comorbidities (Fig. 3).

The effect of COVID-19 on PCV13 series
completion varied according to demographic
and socioeconomic characteristics (Fig. 4), with
COVID-19 having the greatest impact on
infants from households with two children and
annual income of at least 100,000 USD.
Regionally, the greatest effects of COVID-19 on
series completion were observed in New Eng-
land and the Mountain and Pacific census
divisions. Vaccination rates were also higher
before COVID compared with during COVID
among those who were White, had a primary
parent/caregiver at least 25 years of age, and
were from neighborhoods with greater than
high school education levels.

DISCUSSION

In this study of commercially insured US
infants, small but statistically significant
reductions in rates of PCV13 series completion
and adherence were observed during the
COVID-19 pandemic. Decreases were consistent
across primary series and booster dose comple-
tion and adherence. Furthermore, booster
completion and adherence were also signifi-
cantly more likely among infants who had
completed or adhered to the three-dose primary

Table 1 continued

Characteristica Cohort 1: Pre-
COVID-19
(n = 142,853)

Cohort 2: Cross-
COVID-19
(n = 27,211)

Cohort 3: During
COVID-19
(n = 53,306)

Had birth defects, preterm birth, or low birth weight 14.4 14.8 14.3

COVID-19 coronavirus disease 2019, CSF cerebrospinal fluid, EPO exclusive provider organization, HMO health main-
tenance organization, POS point of service, PPO preferred provider organization
aData are presented as percentages unless otherwise noted
bIncludes HMO, indemnity insurance, and other
cData from US census block
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series. This observation highlights the impor-
tance of primary dose series completion or
adherence as a critical factor impacting booster
dose completion and adherence.

Demographic and socioeconomic disparities
in PCV13 uptake before COVID-19 were gener-
ally consistent with disparities in uptake during
COVID-19, with a lower likelihood of series
completion among those who were Black, had a
household income of less than 100,000 USD,

and were from neighborhoods with lower
median education levels. However, declines in
vaccine completion rates during the COVID-19
era were primarily observed in those with
household incomes of at least 100,000 USD.
These results are consistent with previous
reports in the USA and elsewhere indicating
that the use of basic medical care, including
routine childhood immunizations, decreased
during the COVID-19 era [20, 23, 24]. These

Table 2 Primary dose completion and adherence before and during COVID-19

Cohorts 1 & 2: Before
COVID-19, n (%)

Cohort 3: During
COVID-19, n (%)

Odds ratio (95% CI), before COVID-19
vs. during COVID-19

Primary dose completion

Na 129,868 14,808

Full

completion

102,533 (79.0) 11,413 (77.1) 1.12 (1.07, 1.16)

C 2 doses 117,637 (90.6) 13,180 (89.0) 1.19 (1.12, 1.25)

C 1 dose 121,915 (93.9) 13,702 (92.5) 1.24 (1.16, 1.32)

Primary dose adherence

Nb 141,483 25,442

Full adherence 13,980 (9.9) 2311 (9.1) 1.10 (1.05, 1.15)

C 2 doses 54,421 (38.5) 9957 (39.1) 0.97 (0.95, 1.00)

C 1 dose 105,464 (74.5) 18,947 (74.5) 1.00 (0.97, 1.03)

Individual dose adherence

Nc 166,104 51,822

First dose

adherence

95,013 (57.2) 29,370 (56.7) 1.02 (1.00, 1.04)

Nd 154,116 38,002

Second dose

adherence

59,972 (38.9) 14,565 (38.3) 1.03 (1.00, 1.05)

Nb 141,483 25,442

Third dose

adherence

37,187 (26.3) 6147 (24.2) 1.12 (1.08, 1.15)

COVID-19 coronavirus disease 2019
aParticipants with C 245 days follow-up
bParticipants with C 185 days follow-up
cParticipants with C 65 days follow-up
dParticipants with C 125 days follow-up
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declines may be related to a variety of factors,
including stay-at-home orders, parental fears of
their children contracting COVID-19, shifting
priorities among healthcare providers and
facilities, and logistical issues, such as vaccine
transport delays. Global estimates suggest that
approximately 80 million children from more
than 68 countries worldwide have likely been
affected by these delays in immunization,
which may have substantial consequences for
the global burden of vaccine-preventable infec-
tious diseases, such as IPD [24]. Although
breakthrough infections may occur as a result of
lower uptake of or adherence to PCV13 and
potentially other routine vaccines, declines in
the incidence of IPD, streptococcal pharyngitis,
and acute otitis media in US children during the
COVID-19 pandemic have been observed, pre-
sumably attributable to school closures, quar-
antines, and other measures taken to prevent
COVID-19 transmission [25–27]. Although
levels of IPD remain lower in 2022 (cumulative
year-to-date week 24: aged less than 5 years,
n = 313; all ages, n = 6327) compared with pre-
pandemic levels (2019 cumulative year-to-date
week 24: aged less than 5 years, n = 461; all
ages, n = 10,184), they are higher compared
with IPD levels in 2021 (cumulative year-to-date
week 24: aged less than 5 years, n = 188; all
ages, n = 3940) [28]. As this increasing trend

continues, we will only begin to understand the
effects of decreased uptake of PCV13 on the rate
of infection in the near future.

Health inequities in PCV13 primary series
completion and other childhood vaccines exis-
ted before COVID-19 and have remained during
the pandemic [29–31]. For example, rates of
series completion with diphtheria, tetanus tox-
ins, and acellular pertussis (DTaP); Haemophilus
influenzae type b (Hib); and rotavirus vaccines
have historically been lower among
non-Hispanic Black children compared with
non-Hispanic White children, and among chil-
dren from families below the poverty level [30].
Similarly, lower rates of series completion with
DTaP, Hib, rotavirus, and other childhood vac-
cines have been reported among children living
outside of metropolitan areas and those with
Medicaid or no insurance [32]. Such disparities
have often been attributed to economic, psy-
chological, and access-related barriers, and var-
ious strategies to improve uptake have been
proposed, such as reminders/recall systems,
provider and parent education, patient out-
reach/home visits, walk-in and after-hours vac-
cination clinics, and provision of vaccines free
of charge/Vaccines for Children programs
[30, 32, 33].

In contrast to disparities in vaccine uptake in
general, our results suggest that during the

Table 3 Booster dose completion and adherence before and during COVID-19

Booster dose Cohorts 1 & 2: Before
COVID-19

Cohort 3: During
COVID-19

Odds ratio (95% CI), before COVID-19 vs.
during COVID-19

Completion,

Na

79,552 12,116

Completion,

n (%)

66,226 (83.2) 9720 (80.2) 1.23 (1.17, 1.29)

Adherence, Nb 87,454 16,313

Adherence,

n (%)

44,818 (51.2) 7728 (47.4) 1.17 (1.13, 1.21)

COVID-19 coronavirus disease 2019
aParticipants with C 545 days follow-up
bParticipants with C 455 days follow-up
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Table 4 Associations between primary completion and adherence and booster dose completion: likelihood of booster dose
completion before and during COVID-19 given different levels of primary dose completion and adherence

Cohort 1: Before COVID-19 Cohort 2: Cross-COVID-19

Booster dose
completed, %
(N = 66,226)

Booster dose
not
completed, %
(N = 13,326)

Odds ratio
(95% CI): booster
dose completed vs.
not completed

Booster dose
completed,
%
(N = 9720)

Booster
dose not
completed,
%
(N = 2396)

Odds ratio
(95% CI):
booster dose
completed vs.
not completed

Primary dose completion

All 3 doses 86.6 43.9 8.26 (7.92, 8.60) 87.9 48.0 7.90 (7.14, 8.74)

2 doses

only

10.4 17.5 0.54 (0.52, 0.57) 9.5 13.6 0.67 (0.58, 0.76)

1 dose only 2.1 8.8 0.22 (0.21, 0.24) 1.9 5.9 0.31 (0.24, 0.38)

Primary dose adherence

All 3 doses 11.5 4.6 2.68 (2.46, 2.92) 8.2 3.8 2.24 (1.79, 2.79)

2 doses

only

31.1 19.0 1.93 (1.84, 2.02) 30.5 17.2 2.11 (1.88, 2.36)

1 dose only 37.1 29.4 1.42 (1.36, 1.47) 39.5 28.7 1.62 (1.47, 1.78)

COVID-19 coronavirus disease 2019

Table 5 Association between primary completion and adherence and booster dose adherence: likelihood of booster dose
adherence before and during COVID-19 given different levels of primary dose completion and adherence

Cohort 1: before COVID-19 Cohort 2: cross-COVID-19

Booster dose
adhered, %
(N = 44,818)

Booster dose
not adhered,
%
(N = 42,636)

Odds ratio
(95% CI): booster
dose adhered vs.
not adhered

Booster
dose
adhered, %
(N = 7728)

Booster
dose
adhered, %
(N = 8585)

Odds ratio
(95% CI): booster
dose adhered vs.
not adhered

Primary dose completion

All 3 doses 86.0 72.3 2.34 (2.27, 2.43) 88.0 72.7 2.74 (2.52, 2.97)

2 doses

only

10.7 12.6 0.84 (0.80, 0.87) 9.5 11.0 0.85 (0.77, 0.94)

1 dose only 2.3 4.3 0.53 (0.49, 0.57) 1.9 3.5 0.52 (0.43, 0.64)

Primary dose adherence

All 3 doses 11.5 9.1 1.29 (1.23, 1.35) 7.4 6.1 1.21 (1.07, 1.37)

2 doses

only

30.8 27.0 1.20 (1.17, 1.24) 29.2 25.1 1.23 (1.14, 1.31)

1 dose only 37.1 34.7 1.11 (1.08, 1.14) 40.0 35.9 1.19 (1.12, 1.27)

COVID-19 coronavirus disease 2019
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COVID-19 pandemic, groups traditionally con-
sidered to have greater access to healthcare (e.g.,
those who are White, have higher household
income, and have a higher neighborhood edu-
cation level) experienced a greater impact on

the declines in vaccine uptake observed during
the COVID-19 era. This was unexpected because
it is inconsistent with the common observation
that COVID-19 has had a disproportionately
large impact on traditionally disadvantaged

Fig. 2 Adjusted odds ratios (95% CI) of PCV13 primary
series full completion: likelihood of PCV13 primary series
full completion according to demographic, socioeconomic,
and clinical characteristics. Odds ratios were obtained from
a multivariable model after backward stepwise selection.
Infants with a minimum of 245 days of follow-up are
included in the model; missing/unknown categories for
race/ethnicity, number of children in household, neigh-
borhood educational level, and household income are not
presented. aHigh risk group with sickle cell disease,

asplenia, HIV, or cancer. N = 143,865. bHigh risk group
with diabetes type 1 or 2, nephrotic syndrome, chronic
heart, lung, or kidney disease, or cerebrospinal fluid leaks.
cHigh risk group with birth defects, preterm, or low birth
weight. COVID/COVID-19 coronavirus disease 2019,
EPO exclusive provider organization, HMO health main-
tenance organization, PCV13 13-valent pneumococcal
conjugate vaccine, POS point of service, PPO preferred
provider organization
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demographic groups. Specifically, individuals of
Black and Latino race/ethnicity, women, and
low-income families have faced greater hard-
ships in the USA during COVID-19 compared
with other racial/ethnic groups, men, and high-
income families [31, 34, 35]. Additionally,
many of these individuals are essential workers

and therefore play a critical role in the economy
[34]. Because these groups of people were more
likely to have had jobs that required them to
travel to work outside of the home, they may
have been less likely to view bringing children
for vaccinations as an unnecessary exposure risk
than people with certain jobs who were able to

Fig. 3 Adjusted odds ratios (95% CI) of PCV13 primary
series full adherence: likelihood of PCV13 primary series
full adherence according to demographic, socioeconomic,
and clinical characteristics. Odds ratios were obtained from
a multivariable model after backward stepwise selection.
Infants with a minimum of 185 days of follow-up are
included in the model; missing/unknown categories for
number of children in household, neighborhood

educational level, and household income are not presented.
N = 166,026. aHigh risk group with sickle cell disease,
asplenia, HIV, or cancer. bHigh risk group with diabetes
type 1 or 2, nephrotic syndrome, chronic heart, lung, or
kidney disease, or cerebrospinal fluid leaks. cHigh risk
group with birth defects, preterm, or low birth weight.
COVID/COVID-19 coronavirus disease 2019, PCV13
13-valent pneumococcal conjugate vaccine
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Fig. 4 Odds ratios (95% CI) of PCV13 primary series full
completion before vs. during COVID by demographic,
socioeconomic, and clinical characteristics. Infants with a
minimum of 245 days of follow-up are included; missing/
unknown categories for race/ethnicity, number of children
in household, neighborhood educational level, and house-
hold income are not presented. Odds ratios were obtained
from models including cohort, characteristic, and their
interaction, with no further adjustment. aWith (high risk)
or without (low risk) sickle cell disease, asplenia, HIV, or

cancer. bWith (high risk) or without (low risk) diabetes
type 1 or 2, nephrotic syndrome, chronic heart, lung, or
kidney disease, or cerebrospinal fluid leaks. cWith (high
risk) or without (low risk) birth defects, preterm, or low
birth weight. COVID/COVID-19 coronavirus disease
2019, CSF cerebrospinal fluid, EPO exclusive provider
organization, HMO health maintenance organization,
IND indemnity, OTH other, PCV13 13-valent pneumo-
coccal conjugate vaccine, POS point of service, PPO
preferred provider organization
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work from home and avoid travel. Another
possible explanation for the results observed
here is that because PCV13 uptake was already
lower among traditionally disadvantaged
groups before COVID-19, it was less likely to
decline further among those groups. Addition-
ally, low-income families who managed to pri-
oritize childhood immunizations despite
economic and social barriers may have been
highly motivated to continue to do so during
the pandemic. Further research is warranted to
determine the most likely driver of these
observations.

Strengths of this study included the use of
the large CDM database, which allowed access
to several relevant sociodemographic and clin-
ical factors as well as vaccine uptake data. Use of
the CDM also posed limitations, given that data
were retrospective and limited to secondary
database research capturing only a portion of
the commercially insured US population. As
such, the analyses were unable to consider the
potential effects of factors not captured in the
databases, such as accessibility to healthcare
and attitudes toward vaccination, on vaccine
uptake and adherence. Additionally, individual
patient files were not reviewed to confirm
medical or vaccination history because of
patient privacy and data protection imperatives.
Information on race/ethnicity was available in
the mutually exclusive categories of Asian,
Black, Hispanic, White, or missing, which may
misclassify individuals falling into two or more
racial/ethnic groups.

CONCLUSION

Results from this study indicated that PCV13
full series completion among infants was lower
during the COVID-19 pandemic compared with
pre-pandemic (79.0% versus 77.1%). The dif-
ference was small but statistically significant
(OR 1.12; 95% CI 1.07, 1.16). Infants who
completed or adhered to all three doses of the
primary series were significantly more likely to
complete and adhere to the booster dose. The
socioeconomic disparities in PCV13 uptake that
existed before COVID-19 continued during the
pandemic, but effects of COVID-19 on PCV13

uptake were primarily observed among those
with traditionally greater access to healthcare.
Further research is warranted as structured
data sets mature to capture the full time span of
COVID-19 mitigation measures.

This study furthers our understanding of the
COVID-19 pandemic impact on all other ACIP
routinely recommended pediatric vaccines and
the findings will help inform strategies aimed at
reducing inequities in vaccine uptake in target
demographic and socioeconomic populations.
Efforts to encourage vaccination acceptance
and adherence have helped reduce hesitancy
and associated disparities during the pandemic.
Joint efforts are needed among policymakers,
healthcare providers, and the public to proac-
tively establish programs to promote vaccine
acceptance for other vaccine-preventable dis-
eases, including PCV13 in infants.
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