1duosnuely Joyiny 1duosnuey Joyiny 1duosnuely Joyiny

1duosnuepy Joyiny

Author manuscript
j Health Aff (Millwood). Author manuscript; available in PMC 2024 June 04.

Published in final edited form as:
Health Aff (Millwood). 2024 May ; 43(5): 659-665. doi:10.1377/hlthaff.2023.00813.

s HHS Public Access
L

COVID-19 Vaccines: Moderna And Pfizer-BioNTech Use Varied
By Urban, Rural Counties

Katherine Wen,
Vanderbilt University, Nashville, Tennessee.

Daniel A. Harris,
Brown University, Providence, Rhode Island.

Preeti Chachlani,
Brown University.

Kaleen N. Hayes,
Brown University.

Ellen McCarthy,
Harvard University, Boston, Massachusetts.

Andrew R. Zullo,
Brown University.

Renae L. Smith-Ray,
Walgreens, Deerfield, lllinois.

Tanya Singh,
Walgreens.

Djeneba Audrey Djibo,
CVS Health, Blue Bell, Pennsylvania.

Cheryl N. McMahill-Walraven,
CVS Health.

Jeffrey Hiris,
Brown University.

Rena M. Conti,
Boston University, Boston, Massachusetts.

Jonathan Gruber,
Massachusetts Institute of Technology, Cambridge, Massachusetts.

Vincent Mor
Brown University.

Abstract

katherine.j.wen@vanderbilt.edu .



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wen et al.

Page 2

We investigated county-level variation in mMRNA COVID-19 vaccine use among Medicare
beneficiaries throughout the United States. There was greater use of Pfizer-BioNTech vaccines
than Moderna vaccines in urban areas for first and booster doses.

Vaccines have been highly effective at reducing SARs-CoV-2 infection, COVID-19 severity,
and viral transmission.1=3 The messenger RNA (MRNA) vaccines produced by Pfizer-
BioNTech (BNT162b2) and Moderna Inc. (NRNA-1273) are the most used,?:3 aligning with
public health recommendations and evidence of their superior safety and efficacy.3* As of
August 2023, 81 percent of the US population had received at least one COVID-19 vaccine,
with greater coverage (95 percent) among those ages sixty-five and older.1

Region-, state-, and county-level variation in COVID-19 vaccine uptake is well
documented.1> However, to our knowledge, no studies have examined geographic variation
in the use of specific MRNA vaccine products. To explore geographic variation within and
across US states in the use of Pfizer-BioNTech and Moderna mRNA vaccines, we used

a novel data set of CVS Health and Walgreens customers linked to Medicare claims. We
found substantial county-level variation in mMRNA vaccine products (exhibits 1 and 2),

with urban counties showing greater use of Pfizer-BioNTech and rural counties less use of
Pfizer-BioNTech for both first doses and booster doses.

Although both vaccines are more than 90 percent effective, they differ in their effectiveness
and risk for adverse events.8 For example, US veterans who received the Pfizer-BioNTech
vaccine had a higher risk for documented SARS-CoV-2 infection, symptomatic COVID-19,
and COVID-19 hospitalization relative to those receiving Moderna vaccines.® Furthermore,
among Medicare beneficiaries, Moderna was associated with lower risk for pulmonary
embolism and other adverse events, possibly due to its greater effectiveness against SARS-
CoV-2 compared with Pfizer-BioNTech.”

Although the Centers for Disease Control and Prevention (CDC) reported weekly allocations
of Pfizer-BioNTech and Moderna vaccines at the state level, they did not disaggregate
allocated vaccines at the county level or report doses administered by vaccine product. Some
rural hospitals expressed preferences for Moderna vaccines®? because of differences in
shipment batch sizes and cold storage requirements. Given differences in mRNA vaccines’
effectiveness,*® geographic variation in the use of vaccine products may have important
public health implications (for example, community-level differences in breakthrough
infections).

Study Data And Methods

CVS Health and Walgreens customers with a prescription or vaccine administration paid
by Medicare were linked to the 100 percent Medicare Enrollment File.19 CVS Health and
Walgreens pharmacy records also captured vaccines administered at these pharmacies and
not billed through Medicare.

The study population included Medicare beneficiaries with a billing record for the first
dose of an mMRNA vaccine between January 1 and July 31, 2021, and beneficiaries
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with a billing record for a booster dose between August 1, 2021, and April
30,2022,whowerealive,wereenrolledinMedicare, and had a valid address as of their vaccine
dose. People may have received different vaccine products for their first dose and their
booster dose (see online appendix exhibit A-1).11 Among those who received an mRNA
vaccine in each US county, we calculated the percentage who received the Pfizer-BioNTech
or Moderna vaccine for each dose.

We used logistic regression models to estimate the association between urbanicity and the
likelihood of receiving the Pfizer-BioNTech vaccine for the first and booster doses. The
main dependent variable was a binary variable indicating whether a person received the
Pfizer-BioNTech or Moderna vaccine. The main independent variable indicated the level
of urbanicity of their county. Because of temporal differences in the approval and delivery
of mRNA vaccines, we also assessed whether the rural-urban variation in the likelihood

of receiving the Pfizer-BioNTech vaccine differed over time. A GitHub repository contains
code and county-level public use data sets (see the appendix discussion of data).11

Limitations included our inability to capture all COVID-19 vaccinations among Medicare
beneficiaries. Missing from the data were vaccines administered for free or not recorded in
administrative data sources (for example, those administered at mass vaccination clinics).
Appendix exhibits A-4 and A-5 present results exploring the potential impact of missing
vaccine data on our results.1! In addition, our findings were limited to older Medicare
beneficiaries; the mRNA vaccine distribution in other populations may have differed.

Study Results

We identified14,448,485 Medicare beneficiaries who received an mRNA vaccine for their
first dose between January 1 and July 31, 2021. Exhibit 3 shows that overall, 54.54

percent of beneficiaries (7= 7,880,845) received Pfizer-BioNTech and 45.46 percent (1=
6,567,640) received Moderna for their first dose. The proportions of beneficiaries receiving
Pfizer-BioNTech and Moderna booster doses between August 1, 2021, and April 30, 2022,
were similar; we identified 10,501,525 Pfizer-BioNTech booster doses (54.84 percent)

and 8,649,607 Moderna booster doses (45.16 percent).We observed similar proportions of
beneficiaries who received a first dose and a booster dose of either mMRNA vaccine when we
stratified by age, sex, and race and ethnicity.

There were regional and temporal differences in the percentage of Medicare beneficiaries
who received a Pfizer-BioNTech vaccine. The percentages of beneficiaries receiving Pfizer-
BioNTech for their first dose were 53.56 percent, 49.46 percent, 45.45 percent, and 51.73
percent for beneficiaries in the Northeast, Midwest, South, and West, respectively (exhibit
4 and appendix exhibit A-1).11 For the booster dose, the percentages of beneficiaries
receiving Pfizer-BioNTech decreased to 52.45 percent, 44.19 percent, 39.16 percent, and
39.99 percent for the Northeast, Midwest, South, and West, respectively (exhibit 4).

We observed urban-rural variation in the distribution of Pfizer-BioNTech and Moderna
vaccines. More than 50 percent of beneficiaries received a Pfizer-BioNTech vaccine for
their first dose in 1,481 counties (exhibit 5). Urban areas showed greater use of the
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Pfizer-BioNTech vaccine, whereas more rural counties showed greater use of the Moderna
vaccine (exhibit 5). Medicare beneficiaries living in large central metro counties had the
greatest predicted probability of receiving Pfizer-BioNTech as their first dose (64 percent),
whereas those in noncore (rural) counties had the lowest predicted probability of receiving
Pfizer-BioNTech as their first dose (43 percent) (exhibit 1 and appendix exhibit A-2).11
Furthermore, we observed a monotonic decrease in the likelihood of Medicare beneficiaries
receiving a Pfizer-BioNTech vaccine as counties became more rural (all comparisons were
relative to large central metro counties): large fringe metro, odds ratio: 0.843; medium
metro, OR: 0.767; small metro, OR: 0.669; micropolitan, OR: 0.540; and noncore, OR:
0.455 (appendix exhibit A-3).11

Although county-level variation in vaccine product and the association between urbanicity
and the predicted probability of receiving a Pfizer-BioNTech vaccine persisted for the
booster dose, its extent was reduced relative to the first dose (exhibits 2 and 6). The
difference in the predicted probability of receiving a Pfizer-BioNTech vaccine between large
central metro and small metro counties was 8.9 percentage points for the first dose (as of
July 2021) compared with 3.5 percentage points for the booster dose (as of April 2022)
(exhibits 1 and 2).

Last, we assessed the extent of missing vaccines in our data and the impact of missing
vaccines on our inferences. Our data’s measure of mMRNA vaccine administrations captured
a median 36 percent (interquartile range: 27-46) of first-dose vaccinations reported by the
CDC (appendix exhibit A-4).11 Regardless of whether counties had low, medium, or high
missing vaccine data, people living in more urban counties were more likely to receive a
Pfizer-BioNTech vaccine, and those living in more rural counties were more likely to receive
a Moderna vaccine (appendix exhibit A-5).11

Discussion

Using a novel cohort of CVS Health and Walgreens customers linked to Medicare claims,
we observed large geographic variation within and across US states in the use of Pfizer-
BioNTech and Moderna mRNA vaccines. Beneficiaries in large central metro counties were
most likely to receive Pfizer-BioNTech for their first and booster doses, and the probability
of receiving Pfizer-BioNTech was lower in rural counties. These patterns persisted over
time, and they likely do not reflect differences in when people were vaccinated, but rather
geographic differences in where vaccines were allocated.

The association between urbanicity and whether a beneficiary received a Pfizer-BioNTech
vaccine suggests that local infrastructure affected the distribution and administration of
vaccines across counties. Operation Warp Speed, the federal effort to accelerate the
development, manufacturing, and distribution of COVID-19 vaccines, recognized that
Moderna’s vaccine would be easier to distribute to rural areas;® Moderna vaccines did not
require an ultra-cold-chain transportation network and were presumed to be more accessible
for smaller facilities and local communities.
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Although our findings were consistent when stratified across counties with different

levels of missing data relative to CDC sources (see appendix exhibit A-5),11 we were
unable confirm whether these patterns generalized to vaccines neither billed through
Medicare nor administered at a CV'S Health or Walgreens pharmacy. We also do not

know whether vaccines missing in our data were random across rural or urban counties
and vaccine products. In addition, the observed trends might reflect specific supply-chain
management choices from the two major pharmacy providers. Nonetheless, given the size
and geographical breadth of our data, consistency of results when stratified by counties
with varying missing data, and sources citing a preference for the Moderna vaccine in rural
areas,39 we believe that our results are robust to these limitations.

Our findings highlight that how vaccine products are manufactured and delivered has
implications for product availability and which vaccines are administered; Pfizer-BioNTech
was predominantly administered to Medicare beneficiaries in urban counties. Such
differences in distribution could have public health implications. For example, differences
in adverse events®7.12 and effectiveness!3 of the mRNA vaccines could affect population-
level susceptibility to the virus. Differences in effectiveness also have individual health
implications; for example, those who received Pfizer-BioNTech were more likely to
experience a breakthrough infection.®

The observed geographic and temporal patterns in mMRNA vaccine use have important
individual and population health implications for future research, particularly when

there are differences across products in vaccine effectiveness. Our study suggests that
postapproval comparisons of vaccine safety and effectiveness should consider spatial
differences in distribution and administration. Future studies might examine regional
variation in the take-up of other vaccine products with varying effectiveness (for example,
Prevnar 20 and Pneumovax 23). Furthermore, public health officials and pharmacies
might consider differences in the effectiveness of vaccines when planning distribution
ofandaccesstovaccines. TheCOVID-19pandemic has highlighted the importance of vaccine
development, distribution, administration, and data gathering, all of which are factors that
can affect which populations receive different vaccines and, in turn, potential differences in
individual and population infection risk. H
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FIRST DOSE

Predicted probability of Pfizer-BioNTech first dose
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Exhibit 1. Predicted probability of Pfizer-BioNTech for first doses of mMRNA vaccine among
Medicare beneficiaries, January 1-July 31, 2021

SOURCE Authors’ analysis of customer data from CVS Health and Walgreens linked to

the 100 percent Medicare Enrollment File. NOTES Statistical interaction product terms
between month of vaccination and level of urbanicity were specified in the regression

model to visualize changes in the predicted probability of receiving the Pfizer-BioNTech
vaccine over time within levels of urbanicity. The figure shows 95% confidence intervals,
but the large sample size limits the value of conventional hypothesis testing. The rural-urban
classification categories are classifications of the National Center for Health Statistics. Large
central metro is the most urban, followed by large fringe metro, medium metro, small metro,
micropolitan, and noncore, with noncore counties being the most rural.
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BOOSTER

Predicted probability of Pfizer-BioNTech booster
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Exhibit 2. Predicted probability of Pfizer-BioNTech for booster doses of mMRNA vaccine among
Medicare beneficiaries, August 1, 2021-April 30, 2022

SOURCE Authors’ analysis of customer data from CVS Health and Walgreens linked to
the 100 percent Medicare Enrollment File. NOTES Statistical interaction product terms
between month of vaccination and level of urbanicity were specified in the regression

model to visualize changes in the predicted probability of receiving the Pfizer-BioNTech
vaccine over time within levels of urbanicity. The figure shows 95% confidence intervals,
but the large sample size limits the value of conventional hypothesis testing. The rural-urban
classification categories are classifications of the National Center for Health Statistics. Large
central metro is the most urban, followed by large fringe metro, medium metro, small
metro, micropolitan, and noncore, with noncore counties being the most rural. The increase
in the predicted probability of Pfizer-BioNTech booster doses in September 2021 likely
corresponds to when the Food and Drug Administration authorized the booster dose of
Pfizer-BioNTech vaccine.

Health Aff (Millwood). Author manuscript; available in PMC 2024 June 04.

Large central metro



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Wen et al.

Page 9

FIRST DOSE
| R I "
) i EE |
:‘.@" :‘h | = -
‘! .L ol EEK
o =
- , i, -

’)
%
o,

==- P8
7 e S
] =r :!:.c' n‘a?i""f:-:-??' =
- Iy - ;-',! ,{ LT NI O o a¥
: N
R PSR T A R
| LI i) IS ul & LR
R AR RS S
SR, (el {7 £0 e
» S e e
t7 =y o nw LR
1 4 . % -R"”"‘;1I e 2
m -
Wy 4 LD Moderna 2 it
I e W >90% | |
e W >70%t0 <90%
No data

Pfizer-BioNTech

W =90%
M =70% to <90%

No data

Exhibit 5. County-level percent of Medicare beneficiaries receiving Moderna and Pfizer-
BioNTech first doses of mRNA vaccine, January 1, 2021-July 31, 2021

SOURCE Authors’ analysis of customer data from CVS Health and Walgreens linked to the
100 percent Medicare Enrollment File. NOTE The denominator consists of the number of
Medicare beneficiaries who received an mRNA vaccine for their first dose.
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BOOSTER
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Exhibit 6. County-level percent of Medicare beneficiaries receiving Moderna and Pfizer-
BioNTech booster doses of mMRNA vaccine, August 1, 2021-April 30, 2022

SOURCE Authors’ analysis of customer data from CVS Health and Walgreens linked to the
100 percent Medicare Enrollment File. NOTE The denominator consists of the number of
Medicare beneficiaries who received an mRNA vaccine for their booster dose.
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