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IMPORTANCE The COVID-19 pandemic has affected routine vaccine delivery in the US and
globally. The magnitude of these disruptions and their association with childhood vaccination
coverage are unclear.

OBJECTIVES To compare trends in pediatric vaccination before and during the pandemic and
to evaluate the proportion of children up to date (UTD) with vaccinations by age, race, and
ethnicity.

DESIGN, SETTING, AND PARTICIPANTS This surveillance study used a prepandemic-
postpandemic control design with data from 8 health systems in California, Oregon,
Washington, Colorado, Minnesota, and Wisconsin in the Vaccine Safety Datalink. Children
from age groups younger than 24 months and 4 to 6, 11 to 13, and 16 to 18 years were included
if they had at least 1 week of health system enrollment from January 5, 2020, through
October 3, 2020, over periods before the US COVID-19 pandemic (January 5, 2020, through
March 14, 2020), during age-limited preventive care (March 15, 2020, through May 16,
2020), and during expanded primary care (May 17, 2020, through October 3, 2020). These
individuals were compared with those enrolled during analogous weeks in 2019.

EXPOSURES This study evaluated UTD status among children reaching specific ages in
February, May, and September 2020, compared with those reaching these ages in 2019.

MAIN OUTCOMES AND MEASURES Weekly vaccination rates for routine age-specific vaccines
and the proportion of children UTD for all age-specific recommended vaccines.

RESULTS Of 1 399 708 children in 2019 and 1 402 227 in 2020, 1 371 718 were female (49.0%)
and 1 429 979 were male (51.0%); 334 216 Asian individuals (11.9%), 900 226 were Hispanic
individuals (32.1%), and 201 619 non-Hispanic Black individuals (7.2%). Compared with the
prepandemic period and 2019, the age-limited preventive care period was associated with
lower weekly vaccination rates, with ratios of rate ratios of 0.82 (95% CI, 0.80-0.85) among
those younger than 24 months, 0.18 (95% CI, 0.16-0.20) among those aged 4 to 6 years, 0.16
(95% CI, 0.14-0.17) among those aged 11 to 13 years, and 0.10 (95% CI, 0.08-0.13) among
those aged 16 to 18 years. Vaccination rates during expanded primary care remained lower for
most ages (ratios of rate ratios: <24 months, 0.96 [95% CI, 0.93-0.98]; 11-13 years, 0.81 [95%
CI, 0.76-0.86]; 16-18 years, 0.57 [95% CI, 0.51-0.63]). In September 2020, 74% (95% CI,
73%-76%) of infants aged 7 months and 57% (95% CI, 56%-58%) of infants aged 18 months
were UTD vs 81% (95% CI, 80%-82%) and 61% (95% CI, 60%-62%), respectively, in
September 2019. The proportion UTD was lowest in non-Hispanic Black children across most
age groups, both during and prior to the COVID-19 pandemic (eg, in May 2019, 70% [95% CI,
64%-75%] of non-Hispanic Black infants aged 7 months were UTD vs 82% [95% CI,
81%-83%] in all infants aged 7 months combined).

CONCLUSIONS AND RELEVANCE As of September 2020, childhood vaccination rates and the
proportion who were UTD remained lower than 2019 levels. Interventions are needed to
promote catch-up vaccination, particularly in populations at risk for underimmunization.
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O n-time administration of vaccines is essential for the
prevention of certain communicable diseases. The
childhood immunization schedule recommended by

the US Advisory Committee on Immunization Practices pro-
tects children against 14 infectious diseases before their sec-
ond birthday.1 Routine vaccines for children and adolescents
induce long-term immunity for many infectious diseases and
prevent cervical, oropharyngeal, and other cancers. Addition-
ally, routine childhood vaccines reduce the transmission of in-
fections within communities.2-4 Vaccines are typically admin-
istered to children during well-child visits that occur at specific
intervals throughout infancy, childhood, and adolescence.5

Documentation of vaccines is generally required for daycare
or school entry,6 and adherence with vaccination guidelines
is a quality measure for health systems.7 As such, prior to the
COVID-19 pandemic, the US maintained high coverage for most
recommended pediatric vaccines.8-11

Disruptions to health care associated with the COVID-19
pandemic have been well described.12-15 Soon after the na-
tional emergency declaration in March 2020, both the US Cen-
ters for Disease Control and Prevention (CDC) and the Ameri-
can Academy of Pediatrics designated pediatric well-child visits
and specifically routine childhood vaccination as essential
health services. In addition, early in the pandemic, CDC and
American Academy of Pediatrics guidelines specified that in-
person visits for children younger than 2 years should be
prioritized.16 Nevertheless, reductions in ambulatory visits and
vaccine administrations for all pediatric age groups
occurred.17-20

As states relaxed stay-at-home orders and health systems
expanded outpatient care, ambulatory visits in adults re-
turned to pre–COVID-19 levels.21 Pediatric well-child visits have
not rebounded to the same extent, potentially affecting rou-
tine childhood vaccination.22 Furthermore, the COVID-19 pan-
demic has disproportionately affected communities of color,
highlighting disparities in access to care and health
outcomes.23-25 It is unknown whether the uneven burden of
the COVID-19 pandemic also affected pediatric vaccine deliv-
ery for vulnerable populations. The National Immunization
Survey (NIS) is the gold standard for assessing vaccination cov-
erage in the US. However, the NIS is time intensive and sub-
ject to falling response rates. Data from electronic health data
in large health systems have increasingly been used to assess
coverage, because these data are available quickly, allowing
for more rapid assessments than is possible through the NIS.
In this study, we aimed to evaluate trends in vaccination rates
and proportion of children up to date (UTD) with vaccina-
tions among infants, children, and adolescents in 2020 and ex-
plore variation by age and by race and ethnicity using elec-
tronic health data from the Vaccine Safety Datalink (VSD).

Methods
We conducted an observational study to evaluate (1) weekly
routine childhood vaccination rates by age group over 3 peri-
ods in 2020 and (2) the proportion UTD by age as of February,
May, and September 2020. Changes in vaccination rates and

the proportion UTD were then compared with analogous pe-
riods in 2019. We report weekly vaccination rates separately
from the proportion UTD because vaccination rates reflect the
immediate outcome of the COVID-19 pandemic, while the pro-
portion UTD is a longer-term outcome associated with both pre-
pandemic vaccination status and health seeking during the
pandemic. The proportion UTD is a more clinically relevant
outcome that has important implications for public health
interventions.

This study was approved by the institutional review boards
of all participating sites, with a waiver of informed consent be-
cause the research could not practicably be carried out with-
out the waiver and was deemed minimal risk. We did not re-
quire assent from participants younger than 18 years as part
of the study procedures. The study followed the Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline. This activity was reviewed by
the CDC and was conducted in a manner consistent with
applicable federal law and CDC policy.

Population and Study Periods
The source population was patients with enrollment in 1 of 8
VSD health systems. At Kaiser Permanente in its Washington,
Northwest, Northern California, Southern California, and Colo-
rado locations; HealthPartners; and Marshfield Clinic, enroll-
ment was defined as having health insurance coverage. At Den-
ver Health, enrollment was defined as having had an
ambulatory visit in the previous 18 months.26 The VSD is a col-
laborative project between the CDC’s Immunization Safety Of-
fice and 9 health systems representing approximately 3% of
the US population.27 For the evaluation of pandemic-
associated changes in weekly vaccine administrations rates
from January 5, 2020, through October 3, 2020, we included
children younger than 24 months and 4 to 6 years, 11 to 13 years,
and 16 to 18 years in week-specific analyses if they had at least
1 day of enrollment during that week. These enrollment cri-
teria were used to identify the denominator to estimate vac-
cination rates. We grouped observation periods into 3 peri-
ods based on (1) date of the US emergency declaration, (2)
pandemic-associated health care changes with limited ac-
cess to in-person ambulatory visits, and (3) subsequent re-
opening of primary care. While the exact dates for expanding

Key Points
Question Is the COVID-19 pandemic associated with persistent
disruptions in routine childhood vaccination in the US, and have
there been variations in routine vaccination by age, race, and/or
ethnicity?

Findings In this cohort study using a prepandemic-postpandemic
control design with data from 8 US health systems, there were
weekly vaccine administration rates that were substantially lower
across pediatric age groups during the COVID-19 pandemic. The
proportion of participants up to date with vaccinations was lower
for the groups aged 7 months, 18 months, and 13 years, while
coverage varied by race and ethnicity.

Meaning Targeted interventions to increase routine childhood
vaccination in undervaccinated communities are needed.
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in-person well-child visits varied within and across health sys-
tems, we applied cutoff dates based on input from investiga-
tors at each site. The 3 periods were prepandemic (January 5,
2020, through March 14, 2020, or epidemiologic weeks 2-11),
age-limited preventive care (March 15, 2020, through May 16,
2020, or epidemiologic weeks 12-20), and expanded primary
care (May 17, 2020, through October 3, 2020, or epidemio-
logic weeks 21-40). We included children with at least 1 day of
enrollment during comparison weeks between January 6, 2019,
through October 5, 2019, or epidemiologic weeks 2 through 40
in 2019, as the comparison population.

The evaluation of vaccination coverage included
patients who reached the ages 7 months, 18 months,
6 years, 13 years, and 18 years during the months of Febru-
ary, May, or September 2020. Children reaching these speci-
fied ages in February, May, or September 2019 were the
comparison population. We required that patients had a
minimum of 6 months of enrollment preceding the index
month and met criteria for receiving care at a VSD site. This
minimum enrollment was chosen to account for any vacci-
nations given outside the VSD site because claims data
could be incorporated. For infants aged 7 months, we
required at least 1 outpatient encounter following the birth
hospitalization; for children aged 18 months, we required at
least 1 outpatient encounter in the 12 months preceding the
index month; and for all other age groups, we required 1
outpatient encounter at a VSD site in the preceding 18
months. Requiring an outpatient encounter at a VSD site
allowed for the capture of vaccinations given in other health
systems through bidirectional communication with state
and regional immunization information systems.

Outcome Measures
Vaccines were identified from standardized VSD files that
were updated on a weekly basis, which include administra-
tions recorded in the electronic health record, through
medical or pharmacy claims, or through bidirectional com-
munication with state immunization information systems.
Consistent with US Advisory Committee on Immunization
Practices recommendations, for children younger than 24
months, we included the following vaccines: hepatitis B;
rotavirus; diphtheria, tetanus, and acellular pertussis
(DTaP); Haemophilus influenzae type B conjugate; 13-valent
pneumococcal conjugate; inactivated polio; measles,
mumps, and rubella; and varicella-zoster virus. For children
ages 4 through 6 years, we included measles, mumps, and
rubella; varicella-zoster virus; DTaP; and inactivated polio.
For those aged 11 to 13 years, we included vaccines for
human papillomavirus; tetanus toxoid, reduced diphtheria
toxoid, and acellular pertussis; and quadrivalent meningo-
coccal conjugate. For those aged 16 to 18 years, we included
human papillomavirus and quadrivalent meningococcal
conjugate vaccines.28 Weekly vaccination rates for routine
age-specific vaccines were calculated as the number of
administered vaccines by selected age group, divided by the
number of children in the age group enrolled during each
epidemiologic week. Combination vaccines, such as
DTap–inactivated polio–H influenzae type B conjugate, were

counted as 3 individual vaccines. Up-to-date status for child
vaccinations at specified ages was defined per US Advisory
Committee on Immunization Practices guidelines, exclud-
ing hepatitis A and influenza vaccines (eTable 1 in the
Supplement).29

Stratification Variables
Age, sex, race, and ethnicity came from electronic health rec-
ord data. Race and ethnicity were grouped by Hispanic or La-
tino, non-Hispanic Asian, non-Hispanic Black or African Ameri-
can, non-Hispanic white, and other, which included all other
racial categories, including individuals reporting multiple races
and those with missing race and ethnicity data. Race and eth-
nicity were included to allow for assessment of racial and eth-
nic disparities.

Statistical Methods
Using a ratio of rate ratios (ROR) approach, we compared age-
specific vaccination rates during limited preventive care and
expanded primary care periods to rates in the prepandemic pe-
riod for 2020 and used the same periods in 2019 as the refer-
ence. We used a Poisson regression model to estimate RORs
and 95% CIs by age group, with the number of children en-
rolled as the offset and covariates for race, ethnicity, sex, and
VSD site.

We estimated the proportion UTD for each age and study
month (February, May, and September 2020) and used 2019
as a reference year, to account for seasonality. Confidence in-
tervals for UTD were estimated using a normal approxima-
tion interval for binomial proportions. Similarly, we esti-
mated proportion UTD by race and ethnicity for 2020. Analysis
was performed using SAS/STAT and SAS/GRAPH version 9.4
(SAS Institute Inc).

Results
We included 1 399 708 children with enrollment in 2019 and
1 402 227 with enrollment in 2020 in analyses of vaccine
administration rates. The population was 49.0% female
(n = 1 371 718) and 51.0% male (n = 1 429 979), 11.9% Asian
(n = 334 216), 7.2% Black (n = 201 619), 32.1% Hispanic
(n = 900 226), and 32.4% White (n = 909 189). The evalua-
tion of UTD status included 39 113 children reaching speci-
fied ages (7 months, 18 months, 6 years, 13 years, and 18
years) in February, May, or September 2019 and 40 373 chil-
dren reaching these ages in February, May, or September
2020 (Table 1). The small proportion of the overall popula-
tion included in the UTD analysis is because of both mini-
mum enrollment criteria as well as the number of children
reaching a targeted age during the specific study months.

Weekly Vaccine Administration Rates
Vaccination rates varied widely by age group, period, and
year (Figure 1; Table 2). For the 2020 prepandemic period,
mean weekly vaccination rates for all age groups were simi-
lar to 2019 vaccination rates. During age-limited preventive
care (epidemiologic weeks 12-20 of 2020), mean weekly
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vaccination rates per 1000 population for all age groups
were lower than 2019 rates for the same epidemiologic
weeks (eg, for those aged <24 months: 194.6 [95% CI, 191.3-
197.9] per 1000 in 2019 vs 160.1 [95% CI, 157.1-163.0] per
1000 in 2020; Table 2). During expanded primary care (epi-
demiologic weeks 21-40 in 2020), mean weekly vaccination
rates were higher in all age groups compared with age-
limited preventive care (eg, for those aged <24 months:
from 160.1 [95% CI, 157.1-163.0] per 1000 to 181.8 [95% CI,
179.5-184.1] per 1000; Table 2).

Comparing RORs in the age-limited preventive care (epi-
demiologic weeks 12-20) period relative to the prepandemic
period (epidemiologic weeks 2-11) in 2020 and the same epi-
demiologic weeks in 2019, RORs for all age groups demon-
strated substantially lower vaccination rates (Table 2).
Lower RORs persisted during expanded primary care (epi-
demiologic weeks 21-40) for all but the age group 4 to 6
years (RORs: <24 months, 0.96 [95% CI, 0.93-0.98];

4-6 years, 1.02 [95% CI, 0.96-1.07]; 11-13 years, 0.81 [95% CI,
0.76-0.86]; 16-18 years, 0.57 [95% CI, 0.51-0.63]).

Vaccination Coverage
During February, May, and September 2019 and February
2020, the proportion of children reaching targeted ages who
were UTD with recommended vaccines remained relatively
stable by age group (7 months, 81%-82%; 18 months, 60%-
61%; 6 years, 76%-79%; 13 years, 57%-59%; 18 years, 58%-
61%). Decreases in the proportions UTD were noted for
infants reaching 7 and 18 months of age in May 2020 and
September 2020 (infants reaching 7 months: May 2020,
72% [95% CI, 71%-73%]; September 2020, 74% [95% CI,
73%-76%]; 18 months: May 2020, 56% [95% CI, 55%-57%];
September 2020, 57% [95% CI, 56%-58%]; Figure 2;
eTable 2 in the Supplement). A decrease in the proportion
UTD was also noted in September 2020 for children turning
13 years (13 years: 56% [95% CI, 55%-57%]). By September

Table 1. Baseline Demographics of Included Pediatric Populations From 8 US Health Systems
in the Vaccine Safety Datalink, 2019 and 2020a

Characteristic 2019, No. (%) 2020, No. (%) Total, No.
Study population for analysis of vaccine administration rates

Unique patients, No. 1 399 708 1 402 227 2 801 935

Age groupb

<24 mo 217 210 (15.5) 217 575 (15.5) 434 785

4-6 y 361 494 (25.8) 362 307 (25.8) 723 801

11-13 y 406 760 (29.1) 411 553 (29.4) 818 313

16-18 y 414 244 (29.6) 410 792 (29.3) 825 036

Sexb

Male 714 009 (51.0) 715 970 (51.1) 1 429 979

Female 685 610 (49.0) 686 108 (48.9) 1 371 718

Race and ethnicityb

Asianc 167 260 (11.9) 166 956 (11.9) 334 216

Blackc 101 690 (7.3) 99 929 (7.1) 201 619

Hispanic 452 040 (32.3) 448 186 (32.0) 900 226

Whitec 461 145 (33.0) 448 044 (32.0) 909 189

All other races and data not availabled 217 573 (15.5) 239 112 (17.0) 456 685

Study population for analysis of up-to-date vaccination coverage status

Unique patients, No. 39 113 40 373 79 486

Milestone agee

7 mo 5805 (14.8) 6142 (15.2) 11 947

18 mo 8783 (22.5) 8763 (21.7) 17 546

6 y 7722 (19.8) 8127 (20.1) 15 849

13 y 8454 (21.6) 8894 (22.0) 17 348

18 y 8349 (21.3) 8447 (20.9) 16 796

Sexe

Male 19 562 (50.0) 20 745 (51.4) 40 307

Female 19 549 (50.0) 19 627 (48.6) 39 176

Race and ethnicitye

Asianc 5073 (13.0) 5318 (13.2) 10 391

Blackc 2757 (7.0) 2758 (6.8) 5515

Hispanic 12 384 (31.7) 12 852 (31.8) 25 236

Whitec 13 414 (34.3) 13 498 (33.4) 26 912

All other races and data not availabled 5485 (14.0) 5947 (14.8) 11 432

a Includes data from January 6
through October 5, 2019, and
January 5, 2020, through October
3, 2020.

b Estimated based on enrollment in
epidemiologic week 2 of each year.

c Racial categories specified as
Non-Hispanic.

d Includes those reporting being
non-Hispanic Hawaiian or Pacific
Islander, non-Hispanic Native
American, another race, or multiple
races, as well as those whose data
were unknown.

e Estimated based on those reaching
the milestone age in February of
each year.
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2020, the proportions UTD among children turning 6 and 18
years were similar to 2019 and February 2020 (eTable 2 in
the Supplement).

Racial differences in the proportion UTD varied by age
group (eTable 2 in the Supplement; Figure 3). As of Septem-
ber 2020, the proportion UTD at 7 months was highest in Asian
infants (88% [95% CI, 86%-90%]) and lowest in Black infants
(61% [95% CI, 55%-67%]). These differences in UTD by race and
ethnicity at age 7 months were similar in magnitude to those
present before the pandemic. The proportion UTD at 18 months
as of September 2020 was highest in Asian infants (76% [95%
CI, 74%-78%]) and lowest in Black infants (41% [95% CI, 37%-
45%]). Differences in the proportion UTD at 18 months be-

tween Black and other groups may have increased after onset
of the pandemic. Differences in UTD by race and ethnicity in
September 2020 among 6-year-old individuals, 13-year-old in-
dividuals, and 18-year-old individuals were similar in magni-
tude to those present before the pandemic. Among 6-year-
old participants, the proportion UTD in September 2020 was
lowest among Black individuals (70% [95% CI, 67%-74%]) and
highest among Hispanic individuals (79% [95% CI, 78%-
80%]). For adolescents reaching 13 years in September 2020,
the proportion UTD was lowest in Black adolescents (51% [95%
CI, 47%-54%]) and White adolescents (51% [95% CI, 50%-
53%]). Finally, in September 2020, the proportion UTD was
lowest in Black adolescents (59% [95% CI, 55%-62%]) and

Figure 1. Weekly Vaccine Administration Rates for Included Pediatric Populations
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Data are from 8 US health systems in the Vaccine Safety Datalink and are
organized by age group (<24 months, 4-6 years, 11-13 years, and 16-18 years)
and period, 2019 and 2020. These ranges include data from January 6 through
October 5, 2019, and January 5, 2020, through October 3, 2020. Vaccines
varied by age group. In those younger than 24 months: hepatitis B; rotavirus;
diphtheria, tetanus, and acellular pertussis; Haemophilus influenzae type B
conjugate; pneumococcal conjugate, 13-valent; inactivated polio; measles,

mumps, rubella; and varicella-zoster vaccines were standard. In children aged 4
to 6 years, measles, mumps, and rubella; varicella-zoster; diphtheria, tetanus,
and acellular pertussis; and inactivated polio vaccines were standard. In children
aged 11 to 13 years, human papillomavirus; tetanus toxoid, reduced diphtheria
toxoid, and acellular pertussis; and quadrivalent meningococcal conjugate
vaccines were standard. In those aged 16- to 18 years, human papillomavirus
and quadrivalent meningococcal conjugate vaccines were standard.
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White adolescents (55% [95% CI, 53%-57%]) who were reach-
ing 18 years of age.

Discussion
In this large study with data from 8 US health systems, we ob-
served substantial and persistent disruptions to routine in-
fant, childhood, and adolescent vaccine delivery following the
start of the COVID-19 pandemic. As in prior reports, we noted
a precipitous decline in vaccinations at the onset of the pan-
demic through May 2020. Lower vaccination rates persisted
in most age groups through September 2020. During the pe-
riod of expanded primary care, vaccine administration rates
among infants younger than 24 months and children aged 4
to 6 years approached or were equal to 2019 rates. Neverthe-
less, only 74% of infants turning 7 months in September 2020
were UTD, compared with 81% of infants turning 7 months in
September 2019. Similarly, only 57% of infants reaching 18
months in September 2020 were UTD, compared with 61% in

September 2019. For most ages and across all periods, the pro-
portion UTD was lowest in Black children. While disparities
were evident prior to the COVID-19 pandemic, during the pan-
demic, these differences became more pronounced for the 18-
month-old age group.

This study expands on prior work by our group and oth-
ers demonstrating marked decreases in vaccine administra-
tions follow ing the COVID-19 national emergenc y
declaration.17-19,22 Our prior VSD article17 described the dra-
matic decrease in administration of measles-containing vac-
cines, especially in children older than 24 months, from March
16, 2020, through April 19, 2020. Similar decreases in routine
childhood vaccine ordering and administration were re-
ported using data through April 2020 from the Vaccines for
Children program17 and the Colorado Immunization Informa-
tion System.19 Bramer and colleagues18 demonstrated de-
creases in vaccine coverage at specified ages (1, 3, 5, 7, 16, 19,
and 24 months) in Michigan as of May 2020, compared with
the prior 4 years. More recently, using data from 1 VSD health
system, Ackerson and colleagues22 reported persistent de-

Table 2. Weekly Vaccine Administration Rates and Ratios of Rate Ratiosa Comparing 2020 and 2019 for Included Pediatric Populations
From 8 US Health Systems in the Vaccine Safety Datalink, by Age Groupb and Periodc

Age group

Rate per 1000 (95% CI)

Ratio of rate ratios (95% CI)2019 2020

<24 mo

Epidemiologic wk

2-11 204.1 (201.0-207.4) 203.9 (200.7-207.2) 1 [Reference]

12-20 194.6 (191.3-197.9) 160.1 (157.1-163.0) 0.82 (0.80-0.85)

21-40 189.8 (187.5-192.2) 181.8 (179.5-184.1) 0.96 (0.93-0.98)

4-6 y

Epidemiologic wk

2-11 25.4 (24.6-26.3) 24.4 (23.6-25.2) 1 [Reference]

12-20 28.4 (27.5-29.3) 4.9 (4.6-5.3) 0.18 (0.16-0.20)

21-40 26.7 (26.1-27.3) 25.9 (25.3-26.6) 1.02 (0.96-1.07)

11-13 y

Epidemiologic wk

2-11 18.1 (17.4-18.8) 17.7 (17.1-18.4) 1 [Reference]

12-20 21.4 (20.6-22.1) 3.2 (3.0-3.6) 0.16 (0.14-0.17)

21-40 25.9 (25.4-26.5) 20.5 (20.0-21.0) 0.81 (0.76-0.86)

16-18 y

Epidemiologic wk

2-11 6.3 (6.0-6.7) 6.3 (5.9-6.7) 1 [Reference]

12-20 5.7 (5.3-6.1) 0.6 (0.5-0.7) 0.10 (0.08-0.13)

21-40 8.3 (8.0-8.6) 4.7 (4.5-4.9) 0.57 (0.51-0.63)
a Ratio of rate ratios comparing the rate ratios in the age-limited preventive care

(epidemiologic weeks 12-20) and expanded primary care (epidemiologic
weeks 21-40) periods relative to the prepandemic period (epidemiologic
weeks 2-11) in 2020 and 2019. For example, the ratio of epidemiologic weeks
12 through 20 to epidemiologic weeks 2 through 11 in 2020 divided by the
same epidemiologic weeks in 2019: (160.1 / 203.9) / (194.6 / 204.1).

b Vaccines varied by age and included hepatitis B; rotavirus; diphtheria, tetanus,
and acellular pertussis (DTaP); Haemophilus influenzae type B conjugate;
13-valent pneumococcal conjugate; inactivated polio; measles, mumps, rubella
(MMR); and varicella-zoster virus vaccines for those younger than 24 months.
For those aged 4 to 6 years, vaccines included MMR, varicella-zoster, DTaP,

and inactivated polio; for those aged 11 to 13 years, human papillomavirus;
tetanus toxoid, reduced diphtheria toxoid, acellular pertussis vaccine; and
quadrivalent meningococcal conjugate; and for those aged 16 to 18 years,
human papillomavirus and quadrivalent meningococcal conjugate.

c In 2020, epidemiologic weeks 2 through 11 (prepandemic) were January 5,
2020, through March 14, 2020; weeks 12 through 20 were March 15, 2020,
through May 16, 2020; weeks 21 through 40 were May 17, 2020, through
October 3, 2020. In 2019, epidemiologic weeks 2 through 11 were January 6,
2019, through March 16, 2019; weeks 12 through 20 were March 17, 2019,
through May 18, 2019; weeks 21 through 40 were May 19, 2019, through
October 5, 2019.
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clines in pediatric vaccine administration and coverage through
August 2020. Our study adds to this body of literature, pro-
viding data on vaccine administrations, coverage, and persis-
tent disparities for infants, children, and adolescents at speci-
fied ages through September 2020.

One strength of this study was that we quantified
changes in vaccination rates by period and then compared
these rate ratios to those for the analogous weeks in 2019,
thus accounting for seasonal variation in vaccine adminis-
tration. Applying this approach, we demonstrated that the
most dramatic decreases in vaccination rates occurred
among those aged 4 to 6 years, 11 to 13 years, and 16 to 18
years during the period of age-limited preventive care.
These findings are consistent with clinical guidelines at the
time, in that health systems limited in-person visits and
focused vaccine delivery on children younger than 24
months. Nevertheless, rebounds in vaccine administrations

with the expanded opening of primary care were not suffi-
cient to make up for the many missed vaccines. Disruptions
to the timing of vaccine appointments in early infancy can
lead to substantial delays in completion of vaccine series
because of the required minimum intervals between vac-
cine doses and the need for additional health care visits to
receive missed vaccines. These data suggest that barriers to
vaccination persisted after the opening of preventive care
for all age groups. These may have included fears regarding
acquiring COVID-19 during in-person medical visits, staffing
shortages at clinical sites because of COVID-19 infections or
exposures, and financial constraints.

An additional strength of this study was that we were
able to describe trends in proportion UTD by race and
ethnicity.17-19 For the age groups turning 7 and 18 months,
coverage among Black infants was lower than other racial
and ethnic groups during the 2019 and 2020 periods evalu-

Figure 2. Proportion of Individuals Up to Date for Routine Childhood Vaccines
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Data include 95% CIs. Data are from 8 Vaccine Safety Datalink health systems,
among infants, children, and adolescents reaching specified ages in February,
May, and September 2019 and 2020. Up-to-date definitions varied by age. At
age 7 months, infants must have received 2 hepatitis B; 2 rotavirus; qa3
diphtheria, tetanus, and acellular pertussis; 2 Haemophilus influenzae type B
conjugate; 3 pneumococcal conjugate, 13-valent; and 2 inactivated polio vaccine
doses. At age 18 months, children must have received 3 hepatitis B;
4 diphtheria, tetanus, and acellular pertussis; 3 H influenzae type B conjugate;
4 pneumococcal conjugate, 13-valent; 3 inactivated polio; 1 measles, mumps,

and rubella; and 1 varicella-zoster virus vaccine doses. At age 6 years, they must
be in receipt of 5 diphtheria, tetanus, and acellular pertussis; 4 inactivated polio;
2 measles, mumps, and rubella; and 2 varicella-zoster virus vaccine doses. At
age 13 years, they must have received 2 human papillomavirus; 1 tetanus toxoid,
reduced diphtheria toxoid, and acellular pertussis; and 1 quadrivalent
meningococcal conjugate vaccine doses. At age 18 years, they must have
received 2 human papillomavirus; 1 tetanus toxoid, reduced diphtheria toxoid,
and acellular pertussis; and 2 quadrivalent meningococcal conjugate vaccine
doses.
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ated. This finding highlights existing disparities in pediatric
vaccine coverage that have also been documented in the
NIS.11 The reasons for these disparities are likely multifacto-
rial, with structural, logistical, cultural, and other variables
contributing. One recent study30 at Denver Health, a VSD
site, found that 25% of Black caregivers were vaccine hesi-
tant and hesitancy was associated with a 4-month increase
in the mean numbers of days undervaccinated when
children were assessed at age 2 years. Health system and
community-level interventions are needed to support
on-time vaccination for children, especially in underre-
sourced communities. Enforcement of mandates requiring
vaccination prior to school entry is also important, because
these have been shown to not only increase vaccine uptake
across populations31,32 but also reduce disparities in
vaccination.33

Limitations
Limitations to this research should be noted. First, the VSD
population is insured, and patients included were receiving
care in large integrated health systems. Vaccination cover-
age may be lower in other populations.11,18 Prior to the pan-
demic, vaccination coverage among children aged 19 to 35
months in the VSD tended to be higher than for the general
US population, based on NIS results.34,35 In addition, vac-
cine administration rates and proportion UTD by race and
ethnicity we report may reflect differences in site-based
interventions, such as reminder-recalls, that occurred dur-
ing the period of expanded primary care. Furthermore, our
assessment of proportion UTD aimed to reflect recom-
mended timing of routine childhood and adolescent vacci-
nations; yet other definitions or age cutoffs could have been
applied. For example, to reduce differences associated with

Figure 3. Proportion of Individuals Up to Date for Routine Childhood Vaccines
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Data include 95% CIs. Data originated across 8 Vaccine Safety Datalink (VSD)
health systems, among infants, children, and adolescents reaching specified age
in February, May, and September 2020, by race and ethnicity. Up-to-date
definitions varied by age. At age 7 months, infants must have received 2
hepatitis B; 2 rotavirus; 3 diphtheria, tetanus, and acellular pertussis; 2
Haemophilus influenzae type B conjugate; 3 pneumococcal conjugate,
13-valent; and 2 inactivated polio vaccine doses. At age 18 months, children
must have received 3 hepatitis B; 4 diphtheria, tetanus, and acellular pertussis;
3 H influenzae type B conjugate; 4 pneumococcal conjugate, 13-valent;

3 inactivated polio; 1 measles, mumps, and rubella; and 1 varicella-zoster virus
vaccine doses. At age 6 years, they must be in receipt of 5 diphtheria, tetanus,
and acellular pertussis; 4 inactivated polio; 2 measles, mumps, and rubella; and
2 varicella-zoster virus vaccine doses. At age 13 years, they must have received 2
human papillomavirus; 1 tetanus toxoid, reduced diphtheria toxoid, and
acellular pertussis; and 1 quadrivalent meningococcal conjugate vaccine doses.
At age 18 years, they must have received 2 human papillomavirus; 1 tetanus
toxoid, reduced diphtheria toxoid, and acellular pertussis; and 2 quadrivalent
meningococcal conjugate vaccine doses.
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seasonality, we did not include influenza vaccine when
assessing UTD. Also, to simplify data analysis, we counted 2
doses of H influenzae type B conjugate and rotavirus vac-
cines by 7 months and 2 doses of human papillomavirus
vaccine by 13 or 18 years as being UTD and did not account
for manufacturer recommendations (for H influenzae type B
conjugate and rotavirus vaccines) or age at first dose (for the
human papillomavirus vaccine). As such, reported UTD per-
centages may be higher than what the coverage would be
using stricter definitions. Our assessment of disparities in
vaccination coverage is presented for descriptive purposes;
statistical comparisons between groups were not con-
ducted. While beyond the scope of this study, evaluating
the reasons for these disparities is needed so that tailored
interventions can be implemented with the goal of reducing
disparities in vaccination coverage. Finally, our grouping of
periods was based on estimated transitions from limited to

expanded primary care; the actual timing of transitions var-
ied by VSD site and even within sites. Applying different
cutoff values would have changed the ROR point estimates.

Conclusions
The protection of our population from infectious diseases
depends on high uptake of routine vaccinations. In this
multisite observational study, we found that, as of Septem-
ber 2020, routine infant, child, and adolescent weekly vac-
cination rates and coverage remained lower than 2019 lev-
els. There were also persistent disparities in vaccination
coverage by race and ethnicity. Interventions are needed to
promote catch-up vaccination, particularly focusing on
populations in which disparities in vaccination coverage
were evident prior to the pandemic.
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