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A B S T R A C T
IMPLICATIONS AND
Purpose: The Coronavirus Disease 2019 pandemic disrupted healthcare, but the impact on
vaccination missed opportunities (MOs, vaccine-eligible visits without vaccination) is unknown.
We evaluated pandemic-related trends in MOs at adolescent well-care visits for three vaccines:
human papillomavirus; quadrivalent meningococcal conjugate; and tetanus, diphtheria, and
acellular pertussis (Tdap).
Methods:We analyzed electronic health record data from 24 pediatric primary care practices in 13
states from 1/1/2018 to 12/31/2021. Segmented logistic regression estimated risk differences for
MOs during the pandemic relative to prepandemic trends.
Results: Among 106,605 well-care visits, we observed decreases in MOs prepandemic followed by
an increase in MOs during the pandemic for all three vaccines. Relative to prepandemic, MOs
increased for human papillomavirus (þ15.9%, 95% confidence interval [CI]: 11.7%, 20.1%), menin-
gococcal conjugate (þ9.4%, 95% CI: 5.2%, 13.7%), and tetanus, diphtheria, and acellular pertussis
(Tdap) (þ 8.2%, 95% CI: 4.3%, 12.1%).
Discussion: Increases in vaccine MOs during the pandemic equaled or exceeded pre-pandemic
decreases. Reducing MOs in adolescent well-care could raise vaccine coverage.
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Using electronic health
record (EHR) data, this
study demonstrated a
significantly increasing
trend of missed opportu-
nities for three recom-
mended adolescent
immunizations during the
Coronavirus Disease 2019
(COVID-19) pandemic
through December 2021.
These findings highlight
the urgent need to reduce
vaccine missed opportu-
nities in adolescent well-
care to mitigate long-term
gaps in vaccine coverage.
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The COVID-19 pandemic disrupted healthcare delivery, belonging to one of two large health systems (Austin Regional

causing many children to fall behind on routine immunizations
[1]. This disruption is particularly concerning for adolescents as
they seek healthcare less frequently than younger children and
may take longer to catch up on missed vaccinations [2,3]. To
avoid vaccine delay, clinicians can capitalize on all adolescent
healthcare visit opportunities for vaccination. However, the
impact of the pandemic on vaccination missed opportunities
(MOs), office visits when vaccine-eligible patients do not receive
a recommended vaccine, is unknown [4]. The pandemic might
reduce MOs if practices pay particular attention to vaccinations
during this period of fewer visits. Conversely, the pandemic
might increase MOs due to disruptions in practice staffing and
workflows. Rising parental vaccine hesitancy might also increase
MOs. In this secondary data analysis, we examined MOs at
adolescent well-care visits, which are the visits where vaccines
are most commonly administered [2]. We aimed to describe how
MOs changed over time in relation to the pandemic for three
recommended vaccines: human papillomavirus (HPV, frequently
associated with parental hesitancy), as well as quadrivalent
meningococcal conjugate (MenACWY), and tetanus, diphtheria,
and acellular pertussis (Tdap), none of which is commonly
associated with parental hesitancy [5,6].

Methods

Using an observational longitudinal design [7], we analyzed
EHR data from 24 pediatric primary care practices collected as
part of a randomized controlled trial [8]. This study was
approved or exempted by institutional review boards at the
American Academy of Pediatrics, University of California, Los
Angeles, Children’s Hospital of Philadelphia, and University of
Pennsylvania. A waiver of informed consent was granted for
patients/families.

For this analysis, we used data from the 24 control group
practices that received no intervention as part of a cluster
randomized trial. Sites were located across 13 US states and
included 16 independent practices and eight practices
Table
Changes in the riska of missed opportunitiesb for vaccination at well-child care visits

MOs at start of period, %c

HPV
Prepandemic (Jan. 2018-Feb. 2020) 45.5
Pandemic (June 2020-Dec. 2021) 39.3
Pandemic versus prepandemic

MenACWY
Prepandemic (Jan. 2018-Feb. 2020) 21.4
Pandemic (June 2020-Dec. 2021) 15.5
Pandemic versus pre-pandemic

Tdap
Prepandemic (Jan. 2018-Feb. 2020) 18.0
Pandemic (June 2020-Dec. 2021) 13.4
Pandemic versus pre-pandemic

CI ¼ confidence interval; HPV ¼ human papillomavirus vaccine; MenACWY ¼
Tdap ¼ tetanus, diphtheria, and acellular pertussis vaccine.

a Estimated using logistic regression, standardized for calendar month to account f
b An office visit was considered a missed opportunity if an eligible vaccine was no

during which vaccines are most commonly administered.
c Monthly MO rate at the start of each period: January 2018 for the prepandemic pe
d Monthly MO rate at the end of each period: February 2020 for the prepandemi

regression.
Clinic and Children’s Minnesota). We analyzed visits with pa-
tients 11 through 17 years of age who were eligible for HPV (any
dose), MenACWY (either dose), or Tdap vaccines according to
the Advisory Committee on Immunization Practices [9]. We
evaluated only in-person (nontelehealth) well-care visits to
capture visits where vaccines are typically given [2] and
because vaccine administration was very rare at other visit
types both before and during the pandemic. We divided the
data into two periods: 1/1/2018 to 2/29/2020 (prepandemic)
and 6/1/2020 to 12/31/2021 (pandemic). We excluded data
early in the pandemic (3/1/2020-5/31/2020) due to extremely
low visit volumes with widespread shutdowns.

We used Stata version 16 to conduct segmented, or piecewise,
logistic regression to evaluate changes in MOs (outcome) levels
and trajectories between the prepandemic and pandemic pe-
riods. To account for the cluster-randomized design in estimating
variance, we used the survey package with practice site as the
primary sampling unit, an approach equivalent to generalized
estimating equations with clustering by practice and indepen-
dence working correlation. We included as covariates a
pandemic indicator (pre-pandemic/pandemic), vaccine due as a
categorical variable (HPV, Tdap, or MenACYW), time in months
as a continuous variable and all their two- and three-way in-
teractions. We also included calendar month as a categorical
covariate to adjust for seasonal variation in MO rates [10]. From
the model, we estimated expected values of missed opportunity
rates by predictive margins, a method that standardizes esti-
mates to adjust for covariates. Using Stata’s “margins” command,
we estimated predicted proportions (risks) of MOs at the
beginning and end of each time period. We then calculated risk
differences to estimate changes in predicted risk across each
period for each vaccine and pandemic period. We considered a
change over time, and differences in those changes, to be sta-
tistically significant if the 95% confidence interval (CI) excluded 0.
As a descriptive assessment, we additionally calculated the
proportion of practices with improving/worsening MOs across
each time period.
before and during the Coronavirus Disease 2019 pandemic

MOs at end of period, %d Change in risk from start to
end of period (95% CI), % points

39.4 �6.2
49.1 9.8

15.9 (11.7e20.1)

16.5 �4.9
20.0 4.4

9.4 (5.2e13.7)

14.9 �3.1
18.6 5.2

8.2 (4.3e12.1)

quadrivalent meningococcal conjugate vaccine; MO ¼ missed opportunity;

or seasonality.
t administered. We evaluated only in-person (nontelemedicine) well-care visits

riod and June 2020 for the pandemic period. Estimated using logistic regression.
c period and December 2021 for the pandemic period. Estimated using logistic



Figure. Proportion of adolescent vaccine missed opportunitiesa at well-care visits by month. MO ¼ missed opportunity; HPV ¼ human papillomavirus vaccine;
MenACWY ¼ quadrivalent meningococcal conjugate vaccine; Tdap ¼ tetanus, diphtheria, and acellular pertussis vaccine. a Missed opportunities are defined as office
visits when vaccine-eligible patients do not receive a recommended vaccine. Data between dashed lines (March-May 2020) were excluded due to unusually low visit
volume at the onset of the pandemic.
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Results

We analyzed 106,605 well-care visits (59,955 prepandemic
and 46,650 pandemic). HPV, MenACWY, and Tdap vaccines were
due at 86,546; 63,155; and 31,449 visits, respectively. For all three
vaccines, we observed changes in trend, with MOs decreasing
during the prepandemic period and increasing during the
pandemic period (see Figure). Relative to the pre-pandemic
period, MO risk increased significantly for HPV (any
dose; þ15.9%, 95% CI: 11.7%e20.1%), MenACWY (either
dose; þ9.4%, 95% CI: 5.2%e13.7%), and Tdap (þ8.2%, 95% CI:
4.3%e12.1%) during the pandemic period (Table, Figure). This
pandemic-related increase was larger for HPV compared to
MenACWY by 6.5% points (95% CI: 2.8%e10.3%) and larger for
HPV than for Tdap by 7.7% points (95% CI: 3.1%e12.3%).

Among the 24 practices in the study, 67%, 54%, and 58% of
practices experienced decreasing MOs during the pre-pandemic
period for HPV, MenACWY, and Tdap vaccines, respectively; 83%,
79%, and 63% experienced increases during the pandemic period.

Discussion

From the summer of 2020 to the end of 2021, rates of MOs
increased for all three recommended adolescent vaccines
compared to prepandemic trends. Increases in MOs during the
pandemic equaled or exceeded the decrease in MOs seen prior to
the pandemic. Possible explanations include disruptions in
staffing and workflow (including medical assistant and nursing
shortages) [11,12] or increased parental vaccine hesitancy during
the COVID-19 pandemic [13]. These increasing rates inMOs could
result in long-term gaps in vaccine coverage [14].

One limitation is that while we included EHR data and a na-
tionally diverse sample of independent primary care practices
plus practices belonging to health systems, practices volunteered
for the STOP-HPV trial and therefore might not be nationally
representative. Additionally, this study did not include a direct
assessment of reasons for MOs and did not have reliable infor-
mation on COVID-19 vaccination to determine how that may
have affected our results.
Our findings highlight another impact of the pandemic and
the urgent need to reduce vaccine MOs during adolescent well-
child care visits. Future research should investigate reasons for
reductions in MOs prior to the pandemic and reasons for
pandemic-related MO increases. Further exploration of methods
to optimize vaccine delivery such as delivery of vaccines in
school settings or vaccinating at nonpreventive visits will also be
crucial as the pandemic evolves.
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