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Background: The COVID-19 pandemic and stay-at-home orders have caused an unprecedented decrease
in the administration of routinely recommended vaccines. However, the impact of this decrease on over-
all vaccination coverage in a specific birth cohort is not known.
Methods: We projected measles vaccination coverage for the cohort of children becoming one year old in
2020 in the United States, for different durations of stay-at-home orders, along with varying catch-up
vaccination efforts.
Results: A 15% sustained catch-up rate outside stay-at-home orders (compared to what would be
expected via natality information) may be necessary to achieve projected vaccination coverage similar
to previous years. Permanent decreases in vaccine administration could lead to projected vaccination
coverage levels below 80%.
Conclusion: Modeling measles vaccination coverage under a range of scenarios provides useful informa-
tion about the potential magnitude and impact of under-immunization. Sustained catch-up efforts are
needed to assure that measles vaccination coverage remains high.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction

The US Centers for Disease Control and Prevention (CDC)
reported a significant decrease in vaccination coverage rates in
March and April 2020, following stay-at-home orders due to the
COVID-19 pandemic [1,2]. While the decreasing vaccination rates
have been documented, the impact of stay-at-home orders on
overall vaccination coverage is not yet known. A timely assessment
of gaps in vaccination coverage can assist in understanding and
communicating the urgency and magnitude of catch-up campaigns
needed. Public health providers can use this information for plan-
ning and allocation of resources. As a result of this effort, infectious
disease outbreaks might be anticipated and prevented. In the past,
large measles outbreaks have occurred when vaccination coverage
has declined to below 80% [3].

In this short communication, we propose a simple model that
provides estimates of the impact of stay-at-home orders on vacci-
nation coverage rates. We estimate vaccination coverage for the
measles mumps and rubella (MMR) vaccine in the United States
under a range of scenarios, discuss the potential impact of declines
in coverage and methods to close the vaccination coverage gap.
2. Methods

We estimated the number of well-child visits impacted by stay-
at-home orders using demographic information on births, popula-
tion growth rates, and child mortality rates for a variety of stay-at-
home and catch-up scenarios [4–6]. In particular, we progressed a
cohort of infants through their first 24 months of life and estimated
the number of infants eligible to attend a well-child visit and that
were administered a vaccine in the months while stay-at-home
measures were in place. The number of births was taken from pub-
licly available data and adjusted to reflect childhood mortality
[4,6]. Given latest demographic data, no growth in the number of
births was assumed since 2018 [5]. Compliance with well-child
visit schedule was assumed to occur as soon as the infant was eli-
gible. Decrease in the number of vaccines administered was taken
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from pandemic specific data on vaccine administration for infants
younger than 24 months [1].

We then projected vaccination coverage as the total number of
doses administered to children eligible for their 12-month well-
child visit in 2020, divided by the total number of eligible children
[4]. This corresponds to projected vaccination coverage for children
born in 2019 who become one year old in 2020.

We estimated the potential yearly reduction in projected vacci-
nation coverage by accounting for the reduction in measles-
containing vaccine administration during stay-at-home orders
and considering the baseline as vaccination coverage for measles
estimated in previous years for one-year-olds [1,7]. That is, the
maximum projected vaccination coverage and the one achieved
in the months prior to the Spring stay-at-home-orders was
assumed to be 90%, equal to values previously published [7]. The
reduction in doses administered was assumed to be relative to this
baseline projected vaccination coverage. For the base-case scenario
and consistent with published estimates on administration of
measles-containing doses, we assumed a 50% reduction during
stay at home orders, with upper and lower bounds considering a
60% and 40% reduction, respectively [1]. We assumed the first dose
of measles-containing vaccine would be administered at 12months
of age, and >12 months of age for catch-up efforts [8].

In alternative scenarios, we varied the duration of stay-at-home
orders and vaccination rates after the lifting of stay-at-home
orders. In particular, we projected vaccination coverage consider-
ing: spring stay-at-home orders between March 14–May 20; Fall
between September 15 and October 15; extended Fall stay at home
orders between September 15 and November 15.

We also considered increases in vaccinations due to a catch-up
strategy and a decrease in vaccinations due to persistent reduction
in well-child visits after stay-at-home orders. The range of changes
considered was �15% (decrease) to 15% (catch-up), which trans-
lates to percent variations in the number of one-year old well-
child visits and consequent vaccinations when compared to what
would be predicted by demographic information alone (0%). The
final vaccination coverage estimates assume that the percent vari-
ations are sustained throughout the remainder of the year, in all
the months when stay-at-home orders are not in place.
3. Results

Fig. 1 shows projected vaccination coverage. The x-axis corre-
sponds to the difference between infants eligible to attend the
12 month well-visit and infants that attend and get vaccinated; a
negative difference corresponds to reduction in attendance and
vaccination related to permanent social distancing behaviors,
while a positive difference corresponds to a proactive catch-up of
individuals that missed their 12 month well-check. For each
data-point, the line crosses the 50% reduction in administration
for the base-case scenario, while the lower and upper bounds relay
a 40 to 60% reduction.

For a two-month spring 2020 stay-at-home order with a reduc-
tion in measles-containing vaccine administration by 50% (base-
case), we estimated a decline in projected vaccination coverage
for infants born in 2019 from 90% to 82% for the first dose of the
first measles-containing vaccine with no catch-up (Fig. 1). In sce-
narios with catch-up vaccination after stay-at-home orders are
lifted, the projected vaccination coverage would increase to 85%,
88%, and 90% respectively, corresponding to a 5%, 10%, and 15%
increase in the number of well-child visits over baseline for the
remainder of the year.

In a scenario where voluntary social distancing or other con-
cerns lead to persistent declines in well-child visits of 5%, 10% or
15% after stay-at-home orders are lifted, the annual projected vac-
1202
cination coverage for this cohort rate would drop to 80% or below.
Assuming declines in the vaccination rate similar to those observed
in Spring 2020 for a second Fall 2020 stay-at-home order, the pro-
jected vaccination coverage could decrease below 75%, if there are
ongoing decreases in vaccine administration between stay-at-
home orders. In this case, catch-up vaccination up to 15% above
well-child visits expected would be insufficient to achieve 90% cov-
erage, which was the level of vaccination coverage for the first dose
of measles-containing vaccine in previous years.
4. Discussion

Our model quantifies the impact of vaccination delay and catch-
up efforts due to stay-at-home orders over several potential sce-
narios. Projected vaccination coverage could be significantly
impacted if stay-at-home orders occur in the future due to a surge
in cases in the COVID-19 pandemic, or if catch-up efforts are not
implemented and sustained. Failure to organize intensive catch-
up efforts increases the likelihood of community-wide measles
outbreaks as daycares and schools reopen, and travel resumes.

Our model is inline with very recent reports on the decline in
pediatric vaccination, that show a substantial impact of the pan-
demic on routine vaccination in the United States and across the
world and concerns around decrease in vaccination worldwide
[9–11]. Our results add to the literature by translating possible
declines in vaccination to a common benchmark, recognized by
infectious disease modelers and policy makers alike. Further, we
quantify the extent of catch-up efforts needed and the need to sus-
tain those efforts for vaccination coverage to remain at 90%; cover-
age levels widely perceived as the minimum to avoid widespread
outbreaks [12,13].

Measles was eliminated in the US in 2002 due to high vaccina-
tion coverage rates [14]. However, there has been a resurgence in
measles outbreaks in the last few years; the consequent health
care resource and outbreak management costs are potentially high
[15]. A previous modeling study estimated that a 5% decline in
MMR coverage could lead to 3-fold increase in measles cases annu-
ally in children in the US; with an additional $2.1 million in costs
[16]. In 2019, 1282 measles cases were reported, which corre-
sponds to the highest number in the last 25 years in the US [17].
To note, the 2018–2019 measles outbreak in New York City cost
the New York City health department an estimated $8.4 mil-
lion and required 104,000 person-hours to manage [3].

Our model used demographic data for the United States to pro-
ject vaccination coverage for a very diverse and heterogenous pop-
ulation. In reality, prior to the pandemic, vaccination coverage in
the United States varied per state, with vaccination coverage levels
declining to levels as low as 85% [7,18]. In our model, reductions in
vaccination relate to baseline vaccination coverage. Consequently,
small geographic areas that have a lower baseline level than the
national average could experience lower projected vaccination
coverage than that projected in this analyses. Given the high herd
immunity level necessary for measles, and observed clustering of
children with low measles-containing vaccine coverage [18], our
analysis suggests that special attention is needed to keep vaccina-
tion uptake levels similar to 90% in areas and populations where
vaccination uptake is traditionally lower than national average.
To note, there could also be substantial regional variation in future
coverage based on local pandemic response policies and catch-up
efforts, suggesting that continuous monitoring is necessary to
understand impact on routine pediatric immunization.

Our projections have limitations. They are grounded on a demo-
graphic model, assume compliance with the well-child care visit
for the first year, and are not based on reliable and representative
survey data. We have assumed a perfect correlation between eligi-



Fig. 1. Projected 2020 measles-containing vaccination coverage rates (VCR) in the US as a function of the relative difference between infants eligible for the 12-month visit
and infants that attend and get vaccinated for different duration of stay-at-home orders (SAHO). Projected vaccine coverage calculated for infants born in 2019 turning 1 year
old in 2020; estimated as the ratio between total doses administered and total infants eligible to attend the 12-month well-check and that get vaccinated. Different lines
correspond to different duration and number of stay-at-home orders; the point estimate was estimated assuming a 50% reduction in the infants that attend well-visits while
SAHO are in place, while the error bars consider a 40% and 60% reduction [1]. The x-axis corresponds to the difference between infants eligible to attend the 12 month well-
visit and infants that attend; a negative difference corresponds to reduction in attendance related to permanent social distancing behaviors, while a positive difference
corresponds to a proactive catch-up of individuals that missed their 12 month well-check.
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bility for well-child visits and administration of measles-
containing vaccine, which may not be the case. Additionally, provi-
ders and caregivers may choose to merge different well-child vis-
its, and caregivers’ attitudes towards sustaining routine infant
care during the pandemic are not yet fully understood. While these
factors may cause for an underestimation of the uncertainty asso-
ciated with the projections, the multiple scenarios studied are con-
sistent in suggesting the need to monitor vaccine catch-up
administration for vaccination coverage levels to remain at 90%
levels.

Notably, while we assumed that it would be possible to sustain
catch-up efforts for the remainder of the year, this may not be fea-
sible. In reality, health care resources are constrained and capacity
may be limited during a pandemic. Scheduling catch-up visits in
addition to those predicted by demographic eligibility may be
unfeasible for providers already functioning at the limit of their
capacity. Further, sustained catch-up efforts may not be possible
if pandemic cases rise and compete for provider resources, or as
more caregivers are themselves affected due to unemployment
or disease. Additionally, outpatient clinics may be deployed to
assist in pandemic vaccine administration [19]. This suggests that
special care needs to be given to prioritize routine vaccination
uptake during a pandemic.

A wide variety of methods may be employed to close gaps in
vaccination coverage. Previously, ‘‘forgetting” a well-child visit
has been identified as a cause of non-compliance with the well-
child visit schedule [20]. Immunization reminder-recall systems
allow providers to identify and notify families whose children
are due or overdue immunizations through phone calls, text mes-
sages, or emails [21]. Additionally, providers may need to assuage
parents’ safety concerns, by communicating safety protocols
implemented in the clinics. Offering additional days and special
hours only for catch-up immunization could further encourage
families to make in-person visits. Other methods include drive-
through vaccination, and home visits by healthcare workers that
might minimize the risk of infection and build patient/parent
confidence.

Closing the gap in vaccination coverage will only be possible
with accelerated and sustained catch-up immunization efforts
[22]. Measles is one of the most infectious vaccine preventable dis-
eases and high levels of vaccination coverage (>90%) are needed to
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prevent outbreaks. While stay-at-home orders and pandemic con-
cerns pose an additional challenge for the sustainability of high
vaccination coverage, innovative strategies should be considered
to support catch-up vaccination in order to avoid outbreaks of this
infectious and potentially life-threatening disease.
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