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Background: The COVID-19 pandemic has disrupted healthcare, including immunization practice and
well child visit attendance. Maintaining vaccination coverage is important to prevent disease outbreaks
and morbidity. We assessed the impact of the COVID-19 pandemic on pediatric and adolescent vaccina-
tion administration and well child visit attendance in the United States.

Methods: This cross-sectional study used IBM MarketScan Commercial Database (IMC) with Early View
(healthcare claims database) and TriNetX Dataworks Global Network (electronic medical records data-
base) from January 2018-March 2021. Individuals < 18 years of age who were enrolled during the anal-
ysis month of interest (IMC with Early View) or had > 1 health encounter at a participating institution
(TriNetX Dataworks) were included. We calculated the monthly percent difference between well child

Keywords:
Vaccination coverage
Infectious disease

COVID-19
Well-child visits visit attendance and vaccine administration rates for 10 recommended pediatric/adolescent vaccines in
Pediatrics 2020 and 2021 compared with 2018-2019. Data were stratified by the age groups 0-2 years, 4-6 years,

Adolescents and 9-16 years.
Results: In IMC with Early View, the average monthly enrollment for children 0-18 years of age was 5.2
million. In TriNetX Dataworks, 12.2 million eligible individuals were included. Well child visits and vac-
cinations reached the lowest point in April 2020 compared with 2018-2019. Well child visit attendance
and vaccine administration rates were inversely related to age, with initial reductions highest for adoles-
cents and lowest for ages 0-2 years. Rates rebounded in June and September 2020 and stabilized to pre-
pandemic levels in Fall 2020. Rates dropped below baseline in early 2021 for groups 0-2 years and 4-
6 years.
Conclusions: We found substantial disruptions in well child visit attendance and vaccination administra-
tion for children and adolescents during the COVID-19 pandemic in 2020 and early 2021. Continued
efforts are needed to monitor recovery and catch up to avoid outbreaks and morbidity associated with
vaccine-preventable diseases.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The COVID-19 pandemic has disrupted healthcare, including
immunization practice. Maintaining high vaccination coverage is
crucial to prevent outbreaks and longer-term consequences of
vaccine-preventable diseases. The United States (U.S.) Centers for
Disease Control and Prevention (CDC) reported decreases in vacci-
nation administration rates for children and adolescents during
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March-May 2020, corresponding with the beginning of the pan-
demic and stay-at-home orders [1-3]. Similar declines were
described in reports from New York City, Ohio, Colorado, and Cal-
ifornia [4-7]. The American Academy of Pediatrics (AAP) and the
U.S. Centers for Disease Control and Prevention (CDC) have urged
routine visits and vaccinations to continue [8].

While recent reports have documented the decline in routine
childhood and adolescent vaccinations and routine preventative
care visits due to the COVID-19 pandemic in the U.S., the majority
of these reports were from a single city or state or from the begin-
ning of the pandemic [1,2,4-7]. More recent reports provide infor-
mation for one health system only [7]. Furthermore, most U.S.
studies assessed uptake of specific vaccines (e.g. measles) or total
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vaccine uptake instead of providing an assessment of all pediatric
and adolescent vaccines individually [5,7,9]. Additionally, the
impact of COVID-19 on compliance with the well child visit sched-
ule, an important component of preventative care for a variety of
health conditions, is not yet fully understood [10,11].

In this analysis, we assessed the impact of the COVID-19 pan-
demic on pediatric and adolescent vaccination rates and well child
visits in the U.S. up to March 2021. Results can inform public
health efforts to encourage timely vaccination and catch-up cam-
paigns and highlight age groups and diseases most at risk.

2. Methods

We compared rates of well child visit attendance and vaccine
administration from January 2020-March 2021 to rates during
2018-2019 to quantify the impact of COVID-19 on pediatric and
adolescent preventative care services. We used two data sources:
IBM MarketScan Commercial Database (IMC) with Early View
and TriNetX Dataworks Global Network. The IMC database used
in this analysis includes medical and pharmacy claims data cover-
ing 203 million individuals with commercial insurance coverage in
the U.S. up to September 2020. The Early View data consist of a
preview of adjudicated claims data from October 2020-March
2021 [12]. TriNetX Dataworks Global Network is a large, federated
research network that includes electronic health record (EHR) data
from 54 health care organizations and 75 million patients world-
wide, with approximately 85% from the U.S. Data for this analysis
were restricted to the U.S. and to individuals < 18 years of age
who were enrolled during the analysis month of interest (IMC with
Early View) or had at least one health encounter at a participating
institution (TriNetX Dataworks).

We calculated the percent difference between well child visit
attendance or vaccination rates in 2020 or 2021 compared with
2018-2019 for children < 18 years of age. In IMC with Early View,
we estimated the monthly well child visit rate or vaccination rate
by dividing the well child visit attendance or the number of vacci-
nes administered by the number of individuals enrolled in that
month. We then calculated a monthly ratio dividing the 2020 or
2021 rate by the average rate from 2018 to 2019. In TriNetX, the
number of enrollees per month remains stable. Therefore, the ratio
was calculated as the number of vaccines administered in 2020 or
2021 / the average number of vaccines in 2018-2019. To determine
the percent difference in both datasets, we calculated (ratio —
1) x 100%.

Well child visits were stratified by the following age groups: 0-
2 years, 4-6 years, and 9-16 years. In line with the Advisory Com-
mittee on Immunization Practices (ACIP) immunization schedule
recommendations, we analyzed the following vaccines separately
by age group: 0-1 year: rotavirus; 0-2 years: hepatitis B, diphthe-
ria, tetanus and acellular pertussis (DTaP) containing vaccines,
Haemophilus influenzae type b (Hib), pneumococcal conjugate,
measles-containing vaccines, hepatitis A; 4-6 years: DTaP-
containing vaccines, measles-containing vaccines; 9-16 years:
tetanus, diphtheria, and acellular pertussis (Tdap), human papil-
loma virus (HPV), meningococcal conjugate.[ 13| We used IMC with
Early View for all vaccines and well child visits of interest. For Tri-
NetX Dataworks, select vaccines were chosen for analysis (ro-
tavirus, measles-containing vaccines, DTaP-containing vaccines,
HPV, and meningococcal conjugate) and data were downloaded
for analysis on 7/28/2021 and 8/12/2021. For both IMC and TriNetX
Dataworks, vaccine administration and well child visits were
determined using Current Procedural Terminology (CPT) codes
and Healthcare Common Procedure Coding System (HCPCS) codes
(Supplemental Table 1). For IMC, age at the time of vaccination or
well child visit was determined by year of birth. For TriNetX Data-
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works, age was calculated based on age at the time of vaccination.
Data sources were analyzed separately using SAS Studio release 3.8
(Cary, NC, USA) and Microsoft Excel.

Both IMC and TriNetX Dataworks Global Network contain only
de-identified data as per the de-identification standard defined in
Section §164.514(a) of the HIPAA Privacy Rule. For both data
sources, the process by which the data is de-identified is attested
to through a formal determination by a qualified expert as defined
in Section §164.514(b)(1) of the HIPAA Privacy Rule. Because this
study used only de-identified patient records and did not involve
the collection, use, or transmittal of individually identifiable data,
this study was exempt from Institutional Review Board approval.

3. Results

In IMC with Early View, the average monthly enrollment for
children 0-18 years of age was 5.4 million in 2018-2019 and 5.0
million in 2020. In TriNetX Dataworks, 12.2 million eligible indi-
viduals 0-18 years of age were included in this analysis.

3.1. Well child visits (IMC with Early View only)

Across all ages (0-18 years) and within each age group (0-
2 years, 4-6 years, 9-16 years), the rate of well child visits in the
pre-pandemic period (January-February 2020) was similar to the
average rate from the same period in 2018-2019 (Table 1, Fig. 1).
Well child visits started to decrease in March 2020 (-24.0%
decrease), reaching the lowest point in the year in April 2020,
reflecting a 47.3% decrease compared with 2018-2019. Visit rates
rebounded to 2018-2019 levels in June 2020 (5.6% increase),
reaching a peak in September 2020 (16.9% increase) and main-
tained near equal levels to 2018-2019 during October-December
2020. In January-March 2021, visits dipped below baseline with
the largest decrease in January 2021 (—9.2%).

Well child visit attendance varied by age. In April 2020, well
child visit rates decreased with increases in age, with children 9-
16 years of age most affected (% difference: —71.3%), followed by
4-6 years (% difference: —66.2%), and 0-2 years (% difference:
—20.8%). Overall, 0-2 year olds experienced the smallest reduc-
tions in well child visits. In this age group, the attendance rate
increased to 2018-2019 levels in June (7.7% increase), and then
remained slightly at or below the 2018-2019 level for the remain-
der of 2020. Rates decreased again in 2021, with a 14.2% decrease
in March 2021. For 4-6 year olds and 9-16 year olds, well visits
reached peak recovery in September, with 23.5% and 34.3%
increases compared with 2018-2019, respectively. The attendance
rate remained above 2018-2019 levels through the remainder of
2020 for 9-16 year olds and returned to 2018-2019 rates during
January-March 2021.

4. Vaccine uptake
4.1. IMC with Early View

For all vaccines, regardless of age group, and across all vaccines,
vaccine administration started to decrease in March 2020. When
compared to 2018-19, the greatest reduction in vaccine adminis-
tration occurred in April 2020 (Table 2, Fig. 2), except for rotavirus,
which had the largest relative decrease in October 2020 (-6.0%).
Similar to well child visits, vaccine administration varied by age.
The reduction in April 2020 vaccine uptake rate was smallest
among children 0-2 years of age (range: rotavirus: —4.6% to
measles-containing vaccines: —28.7%), and largest for adolescents
(9-16 years), with decreases upwards of 72%. Well child visit
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Table 1
Comparison of well child visits by age, 2020 and 2021 vs. 2018-2019, IBM MarketScan Commercial Database with Early View.
0-18 years 0-2 years 4-6 years 9-16 years
2020 or 2021 vs. 2018- 2020 or 2021 vs. 2018- 2020 or 2021 vs. 2018- 2020 or 2021 vs. 2018-
2019 2019 2019 2019
Ratio % difference Ratio % difference Ratio % difference Ratio % difference
2020
January 1.06 59 1.03 2.7 1.06 6.1 1.10 104
February 1.04 4.3 1.00 0.3 1.05 4.8 1.08 8.4
March 0.76 -24.0 0.86 -14.2 0.65 -34.8 0.67 -32.6
April 0.53 —47.3 0.79 -20.8 0.34 —66.2 0.29 -713
May 0.78 -22.5 0.94 -6.3 0.73 -27.1 0.60 -39.9
June 1.06 5.6 1.08 7.7 1.20 20.1 0.98 -2.2
July 0.99 -1.0 0.98 -1.7 1.07 7.4 0.95 -4.7
August 0.91 -9.2 0.94 -6.5 0.93 -6.7 0.88 -123
September 1.17 16.9 0.99 -1.2 1.24 235 1.34 343
October 1.06 5.5 0.94 —6.4 1.10 9.5 117 17.0
November 0.98 -1.6 0.94 -5.5 0.98 -25 1.04 39
December 1.04 3.8 1.03 34 1.00 -0.1 1.08 7.5
2021
January 0.91 -9.2 0.88 -11.7 0.89 -114 0.96 -4.0
February 0.95 —4.6 0.91 -89 0.94 -5.6 1.02 23
March 0.93 -7.2 0.86 -14.2 0.90 -9.5 1.03 35
40.0
20.0
0.0
Q
Q
c
g
@ -20.0
=
)
-40.0
-60.0
-80.0
Jan'20 Feb'20 Mar'20 Apr'20 May'20 Jun'20 Jul'20 Aug'20 Sep'20 Oct'20 Nov'20 Dec'20 Jan'21 Feb'21 Mar'21
--------- no change 0-2 years 4-6 years 9-16 years 0-18 years

Fig. 1. Percent difference of well child visits, 2020 and 2021 vs. 2018-2019, IBM MarketScan Commercial Database with Early View.

attendance and vaccination administration per age group trended
closely together (Fig. 2).

For the 0-2 age group, with the exception of measles-
containing vaccines (-14.3%), vaccine uptake rebounded to near
pre-pandemic levels in May 2020 (range: pneumococcal conju-
gate: —0.9% to hepatitis B: —4.3%). For 4-6 year olds, there was a
substantial decrease in vaccination during March-May 2020, up
to a 67% decline compared to pre-pandemic vaccination (Table 2,
Fig. 2). For children 0-2 years of age, uptake peaked in June,
September, and December 2020 and for children 4-6 years of
age, uptake peaked in June and September 2020. In both age
groups, vaccine administration remained below pre-pandemic
levels from January-March 2021, with decreases in Hepatitis B,
Hib, and pneumococcal vaccines near April 2020 levels, which
was the lowest point during the pandemic.

Measles-containing vaccines for 0-2 years were more affected
than Hepatitis A vaccine, which is recommended at the same time
in this age group (12 months of age). While initial declines in April
2020 were the same (-28.7%), measles-containing vaccines had
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smaller gains from May 2020-March 2021, with increases lower
than other vaccines.

Adolescent vaccine uptake remained below 2018-2019 levels
from March-August 2020. In September 2020, adolescents had
the highest vaccine administration percent increase in a single
month, exceeding 2018-2019 levels by 28.5% (HPV), 37.4%
(meningococcal), and 37.8% (Tdap). Tdap and meningococcal vac-
cine rates continued above pre-pandemic levels for October-
December 2020 (>10% increase) and around baseline during Jan-
uary-March 2021, while HPV did not recover as strongly during
this period (range: October 2020: +6.0% to January 2021: —10.9%).

4.2. TriNetX Dataworks

For select vaccines analyzed from TriNetX Dataworks (rotavirus,
measles-containing vaccines, DTaP containing vaccines, HPV,
meningococcal), the data illustrated similar trends as IMC with
Early View (Table 2, Fig. 3). In TriNetX, during September-Decem-
ber 2020, vaccination uptake rates were at or above pre-pandemic
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Table 2

Monthly percent differences by vaccine, IBM MarketScan Commercial Database (IMC) with Early View and TriNetX Dataworks, 2020 and 2021 vs. 2018-2019.
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levels, with the exception of rotavirus vaccine. For 0-2 year olds
(rotavirus, measles-containing vaccines, DTaP-containing vaccines)
and 4-6 year olds (measles-containing vaccines, DTaP-containing
vaccines), vaccination uptake rates dipped in January and February
2021 and began to stabilize in March 2021, with March rates at or
above 2018-2019 levels (range: +0.1% to + 11.2%). For adolescent
vaccines (HPV, meningococcal), rates, reached a peak in March
2021, with a 15.7% increase for meningococcal and 11.0% increase
for HPV over 2018-2019 - the highest since the start of the COVID-
19 pandemic.

5. Discussion

In this analysis of two healthcare databases, we illustrate sub-
stantial reductions in vaccine administration and well child visits
during the COVID-19 pandemic in 2020 and 2021 compared with
the same time period in 2018-2019, for all vaccines and age groups
investigated. To our knowledge, this is the first study to assess the
impact of the COVID-19 pandemic on vaccination and well child
visit rates through the entirety of 2020 and beginning of 2021,
and to assess the uptake of the majority of reccommended vaccines
individually. Trends in the two databases were similar. The initial
drop in March-April 2020 in both well child visits and vaccinations
coincided with the beginning of the pandemic, with rates rebound-
ing in June and September, as states reopened, and children
returned to school. Rates then stabilized to pre-pandemic levels
in Fall 2020, with signs of catch up, particularly for adolescents.
In early 2021, vaccination uptake dropped below baseline for the
younger age groups (0-2 years and 4-6 years). During the analysis
period, increases in vaccination and well child visits, however,
were likely not enough to reach pre-pandemic levels, leaving many
children and adolescents vulnerable to vaccine-preventable
diseases.

Well child visit attendance and vaccine administration rates
were inversely related to age, with initial reductions highest for
adolescents (9-16 years) and lowest for infants and toddlers (0-
2 years). This is similar to other reports [4,7,9,14]. Among all vac-
cinations analyzed, rotavirus vaccine had the smallest decrease in
vaccination administration at the beginning of the pandemic in
April 2020. This may be because we assessed rotavirus vaccination
among infants 0-1 years of age, while the other vaccinations
assessed included a wider age range from O to 2 years. However,
this is an encouraging finding as the maximum age for rotavirus
vaccine is 32 weeks [15]. Trends in well child visits and vaccination
administration by age group were similar, indicating that health-
care providers may have used well visits as opportunities to
administer recommended vaccines. The decline in well visits is
not only a missed opportunity for vaccination, but also for the
diagnosis and management of other childhood conditions and ill-
nesses. Well child visits are an important hallmark of preventative
services and missed visits are associated with increases in health
care resource utilization [11,16].

Measles-containing vaccines experienced reductions among
both 0-2 year olds and 4-6 year olds. Reductions were more severe
for children 4-6 years of age, potentially indicating a bigger gap in
coverage for the second measles dose. Part of the difference in
measles vaccinations in 2020 and 2021 compared with 2018-
2019 may be explained by increased uptake in those years, which
corresponded to the largest measles outbreak in the U.S. since
elimination in 2000 (Supplemental Fig. 1) [17]. As social distancing
continues to relax and travel resumes, lower levels of measles vac-
cination coverage without catch-up vaccinations may increase the
risk of outbreaks [18]. In 2020, immunization services were dis-
rupted in at least 68 countries, and the World Health Organization
estimated that about 117 million children were at risk of missing
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conjugate, Measles = measles-containing vaccines, Hep A = Hepatitis A, Tdap = tetanus, diphtheria, and acellular pertussis, HPV = human papilloma virus, Meningococcal =
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Fig. 2. Percent difference of vaccination administration, 2020 and 2021 vs. 2018-2019, by age group, IBM MarketScan Commercial Database with Early View: (A) 0-2 years,
(B) 4-6 years, (C) 9-16 years.
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C. 9-16 years
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Abbreviations: IMC = IBM MarketScan Commercial Database with Early View, DTaP = diphtheria, tetanus and acellular pertussis (DTaP) containing vaccines, Measles = measles-

containing vaccines, HPV = human papilloma virus, Meningococcal = meningococcal conjugate

Fig. 3. Percent difference of vaccination administration, 2020 and 2021 vs. 2018-2019 and 2021 vs. 2018-2019, for select vaccines, IBM MarketScan Commercial Database
(IMC) with Early View and TriNetX Dataworks: (A) 0-2 years, (B) 4-6 years, (C) 9-16 years.

measles vaccines due to the COVID-19 pandemic [19]. These dis- In particular, HPV vaccine administration lagged meningococcal
ruptions and missed vaccinations could potentially contribute to and Tdap vaccines in 2020 and 2021 vs. 2018-2019 in both data-
measles outbreaks in other countries, increasing the risk of bases. HPV vaccination coverage has improved over time, with
imported cases to the U.S., leading to outbreaks in under- CDC reporting that 72% of adolescents aged 13-17 received > 1
vaccinated U.S. communities. dose in 2019, up from 68% in 2018 [20]. However, this progress

In the adolescent age group, vaccination was significantly dis- may be threatened by the COVID-19 pandemic. Lower HPV vacci-
rupted in 2020, with declines up to 84% compared to 2018-2019. nation coverage may have long term health implications. One
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modeling study demonstrated that reductions in HPV vaccine cov-
erage would result in excess cases of genital warts and cervical
cancer [21].

Public health strategies are needed to ensure that vaccination
rates do not fall farther behind. Outreach efforts, such as alerting
parents to missed well child visits or vaccinations, and vaccination
pods or mobile events may increase coverage rates [22]. For exam-
ple, in New York City, the health department took active measures
to improve uptake, such as sending health alerts to providers,
encouraging the use of reminder and recall tools, and holding
webinars for pediatric providers [4]. Strategies may need to be tai-
lored to specific age groups. COVID-19 vaccines are available to
adolescents 12 years of age and older as of May 2021 [23]. ACIP
has recently recommended co-administration of COVID-19 vacci-
nes with other vaccines for adults and adolescents [24]. This new
guidance may provide an opportunity for adolescents to catch up
any missed vaccines when COVID-19 vaccines are administered.

Our analysis is subject to a few limitations. IMC with Early View
represents the commercially insured population in the U.S. Persons
insured through public insurance and the individual marketplace
are underrepresented. The results are therefore likely to underesti-
mate the gaps in vaccination, as publicly insured or uninsured pop-
ulations are more likely to have lower vaccination coverage levels
[25]. Further, we calculated rates in IMC with Early View based on
a moving denominator each month. In both databases, we were
unable to determine vaccination coverage rates or total impact
on vaccination uptake during the time period of interest, only rates
of administration. Due to these limitations, the findings may not be
generalizable to the U.S. population. Lastly, in IMC, age was calcu-
lated based on year of birth and was not a precise estimate of age at
the time of well child visit or vaccine administration. Age could
therefore be overestimated or underestimated depending on
month of birth and month of the claim.

6. Conclusions

In an analysis of commercial claims data and EMR data, we
found substantial disruptions in well child visits and vaccination
administration for children and adolescents during the COVID-19
pandemic from April 2020 into early 2021. Continued efforts are
needed to monitor and highlight the urgency of recovery and to
catch up vaccinations to avoid outbreaks and morbidity associated
with vaccine-preventable diseases.
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