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County-level vaccination coverage and rates of
COVID-19 cases and deaths in the United States:
An ecological analysis
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Summary

Background On Dec 14, 2020, the United States initiated a nationwide COVID-19 vaccination campaign. Demon-
strating clear population-level impact following vaccine introduction helps to further elucidate and quantify the pub-
lic-health benefits of vaccination.

Methods Using a negative binomial regression model we evaluated the ecological association between county-level
COVID-19 vaccine uptake and rates of COVID-19 cases and deaths in the United States from April 1, 2021 through
October 31, 2021 controlling for a broad set of county-level environmental, sociodemographic, economic, and health-
status-related characteristics. County-level data were obtained from several publicly available databases that were
merged for analysis.

Findings After adjustment for county-level characteristics, US counties with > 80% of their residents > 12 years of
age fully vaccinated against COVID-19 had 30% (95% CI: 25—35; P < .001) and 46% (38—52; P < .oo1) lower rates
of COVID-19 cases and deaths, respectively, versus those with <50% coverage (reference group). A dose response
was observed: counties with 70—79% uptake had 20% (95% CI: 16—24; P < .oo1) and 35% (29—40; P < .oo1) lower
rates of cases and deaths, respectively; counties with 60—69% uptake had 8% (5—11; P < .001) and 20% (15—24; P <
.oo1) lower rates; and counties with 50—59% uptake had 2% (0—4; P =.09) and 8% (4—12; P < .ooI) lower rates.
Restricting the analysis to the period when the Delta variant was predominant (June 1, 2021 — October 31, 2021)
showed similar findings.

Interpretation Our results showed that US counties with higher proportions of persons > 12 years of age fully vacci-
nated against COVID-19 had substantially lower rates of COVID-19 cases and deaths—a finding that showed dose
response and persisted even in the period when Delta was predominant.
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Introduction

The first administration of a COVID-19 vaccine in the
United States occurred on December 14, 2020 during a
large wave of COVID-19. By the end of February 2021,
three vaccines had received emergency use authorization
(EUA) and were recommended for use in the United
States by the Advisory Committee on Immunization
Practices (ACIP) based on safety and efficacy data from
phase 3 randomized placebo-controlled trials:"> (i)
Pfizer-BioNTech BNT162b2 mRNA COVID-19 vaccine
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(Dec 11, 2020), (i) Moderna mRNA-1273 mRNA
COVID-19 vaccine (Dec 18, 2020), and (iii) Janssen
Ad26.COV2.S replication-incompetent adenovirus sero-
type 26 COVID-19 vaccine (Feb 27, 2021).* On August
23, 2021, BNT162b2 received full FDA authorization.’
Both BNT162b2" and mRNA-12773* demonstrated efficacy
> 94% after two doses against symptomatic COVID-19
and severe disease in randomized controlled trials. Ad26.
COV2.S,* administered as a single dose, demonstrated at
least 66% efficacy against moderate or severe COVID-19.

ACIP recommended a multi-tiered approach to vaccine
distribution prioritizing high-risk adults.” By April 19,
2021, all 50 states and the District of Columbia expanded
COVID-19 vaccine eligibility to all individuals > 16 years
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Research in context

Evidence before this work

Since the start of the US nationwide COVID-19 vaccina-
tion campaign, we have been closely monitoring the
scientific literature (PubMed and medRxiv) and press
coverage to identify reports describing the community-
level impact of COVID-19 vaccination in a real-world set-
ting using the terms COVID-19, vaccin*, model, effec-
tive*, impact, and reduc* up to October 31, 2021. To our
knowledge, only state-level analyses in the lay press
linking vaccine uptake to COVID-19 disease rates have
been published. However, more granular analyses that
control for important, potentially-confounding commu-
nity-level factors are urgently needed.

Added value of this work

To assess population-level impact of COVID-19 vaccina-
tion, we evaluated the association between county-level
COVID-19 vaccine uptake and rates of COVID-19 cases
and deaths in the United States controlling for a broad
set of county-level environmental, sociodemographic,
economic, and health-status-related characteristics.
Demonstrating clear population-level impact following
vaccine introduction helps to further elucidate and
quantify the public-health benefits of vaccination and is
critical information for policymakers and the public—
many of whom remain skeptical of COVID-19
vaccination.

Implications of all the available evidence

Our results comprehensively showed that US counties
with higher proportions of COVID-19 vaccine coverage
among individuals >12 years of age lower rates of
COVID-19 cases and deaths. These findings underscore
the importance of continuing to prioritize improving
COVID-19 vaccination rates, even in hard to reach com-
munities. Compared to US counties with <50% of resi-
dents >12 years of age fully vaccinated, counties with
at least 80% vaccine coverage had rates of COVID-19
cases and deaths that were 30% and 46% lower, respec-
tively, after adjusting for important county-level differ-
ences. This finding showed dose response and
persisted even in the period when Delta was
predominant.

of age. BNT162b2 was made available for children 12-
15 years of age in mid-May 2021.” Vaccination, however,
has not occurred uniformly in the United States.*® Public
health experts are now starting to warn of the formation of
“two Americas”— one segment in which vaccination
uptake is high and disease remains relatively controlled,
and another where vaccination rates remain low and
COVID-19 outbreaks continue to occur.

Preliminary real-world effectiveness estimates from
the United States,”"'# Israel,”® the United King-
dom,"””*3 and other locations®*™*” have been published

since the introduction of COVID-19 vaccines globally.
To our knowledge, however, no studies have evaluated
the community-level impact of improving vaccination
coverage in any country. In the United States, only
crude state-level analyses in the lay press linking vaccine
uptake to COVID-19 disease rates have been pub-
lished.**3° The US Centers for Disease Control and
Prevention (CDC) has tracked county-level vaccine
uptake and COVID-19 cases over time,*" however, more
granular analyses that control for potentially-confound-
ing community-level factors are urgently needed. Dem-
onstrating clear population-level impact following
vaccine introduction helps elucidate and quantify the
public-health benefits of vaccination and is critical infor-
mation for policymakers and the public—many of
whom remain skeptical of COVID-19 vaccination. To
assess population-level impact of COVID-19 vaccina-
tion, we evaluated the association between US county-
level COVID-19 vaccine uptake and rates of COVID-19
cases and deaths controlling for a broad set of county-
level environmental, sociodemographic, economic, and
health-status-related characteristics.

Methods

Outcomes

We obtained county-level cumulative numbers of
reported and confirmed COVID-19 cases and COVID-19-
related deaths from the Johns Hopkins University Coro-
navirus Resource Center’* available April 1, 2021 - Octo-
ber 31, 2021. The start of the study period corresponds to
the end of a large US COVID-19 wave and when mean-
ingful proportion of individuals > 12 years of age became
fully vaccinated (Figure 1). Cumulative county-level rates
of COVID-19 cases and deaths through October 31, 2021
were expressed per 100,000 residents.

Exposure

Vaccine coverage data were obtained from CDC'’s pub-
licly-available COVID data tracker database® where fully
vaccinated is defined as having received 2 doses of
BNT162b2 or mRNA-1273 or one dose of Ad26.COV2.
S. Similar to our previous analysis examining county-
level predictors of COVID-19 rates prior to the rollout of
vaccines,** county-level environmental, sociodemo-
graphic, economic, and health-status characteristics
potentially associated with vaccine uptake, transmission
or mortality of COVID-19, or both, were obtained from
several publicly-available databases (Supplementary e
Table 1). These variables were used as covariates when
examining the relationship between COVID-19 vaccine
uptake and rates of COVID-19 cases and deaths. Envi-
ronmental factors included urbanicity (urban vs rural),
population density, residential crowding (housing with
> 1 person per room*), and air pollution (particles per
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Figure 1. Daily laboratory-confirmed COVID-19 cases in the United States and percent of persons >12 years of age fully vaccinated,

January 1, 2020 - October 31, 2021.

million [PPM]). Sociodemographic and economic varia-
bles included gender, age, race/ethnicity, a residential
housing segregation index (o—100 scale, with 100 being
most-segregated counties between whites and non-
whites*®), high school education status, unemployment
status, median household income, and income inequal-
ity (ratio of household incomes at 80™ vs 20™ percen-
tiles’’).  Health-status-related  variables  included
prevalence of diabetes, obesity, and smoking, and, as a
potential indicator of risky close-contact behavior, rates
of sexually transmitted infections (STI).>*

To account for levels of natural immunity and prior
risk of infection and disease transmission, we also
included data about disease activity prior to the study
period during two periods corresponding to prior
COVID-19 waves: (i) January 22, 2020 through October
31, 2020 and (ii) September 1, 2020 through March 31,
2021. Finally, as a proxy for adherence to stay-at-home
orders and recommendations to minimize travel,’° we
obtained Google Community Mobility Reports describ-
ing percent change in county-level travel to non-residen-
tial locations during the same periods of the pandemic
mentioned above and for our outcome period.*°

Statistical analysis

We followed Strengthening the Reporting of Observa-
tional studies in Epidemiology (STROBE) guidelines for
our ecological study. County-level characteristics were
summarized with descriptive statistics. Missing county-
level characteristics (in < 1% of the US population) were
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imputed using state-level values (Supplementary eTable
1). Google mobility data, when missing from the least-
populous counties due to privacy concerns, were not
imputed (Supplementary eTable 1). Using the menbreg
command in Stata version 14.0 (StataCorp LLC, College
Station, Texas), we fit negative binomial regression
models (which allow for overdispersion)*' to estimate
the relationship between county-level vaccine coverage
and cumulative rates of COVID-19 cases and deaths
controlling for differences in county-level environmen-
tal, sociodemographic, economic, and health-status-
related characteristics. We modeled cumulative rates of
cases and deaths by county utilizing the offset com-
mand to account for (the natural log of) county popula-
tion size. We calculated crude and adjusted incidence
rate ratios (IRR) for the primary exposure of interest (i.
e., county-level percentage of persons > 12 years of age
who were fully vaccinated categorized as < 50% [refer-
ence], 50—59%, 60—69%, 70—79%, and > 80%). For
all models, we included state (n=51; 50 states and the
District of Columbia) as a group-level random intercept
to account for potential correlation in counties within
the same state. We constructed univariate and multivar-
iable models based on a priori selection of covariates
likely to confound the relationship between county-level
vaccine coverage and COVID-19 case and death rates.>*
We assessed multicollinearity using variance inflation
factors (VIF). Finally, we limited our analysis to coun-
ties that reported vaccination uptake completeness of
> 90% (i.e., that the proportion of fully vaccinated peo-
ple whose Federal Information Processing Standards
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(FIPS) code for identifying county of residence was
reported and matched a valid county FIPS code in the
jurisdiction was > 90%). In sensitivity analyses we eval-
uated the impact of (i) including counties with > 80%
vaccine uptake completeness (vs >90%) and (ii) restrict-
ing the outcome period to the time when the Delta vari-
ant was predominant (June 1, 2021 to October 31, 2021).

Role of the funding source

The funder of the study approved the study design, and
participated in data analysis, interpretation, writing of
the report, and decision to publish.

Results

County characteristics

Of the 3142 US counties, 83% (2617/3142) had CDC
COVID-19 vaccine uptake reporting completeness of
>90% (i.e., our study population), accounting for go%
of the US population. Generally, environmental, socio-
demographic, economic, and health-status related char-
acteristics of all US counties closely resembled that of
counties for which COVID-19 vaccine coverage report-
ing completeness was > 90%. However, counties with
< 90% reporting completeness had, on average, smaller
population size, more uninsured individuals, and more
Hispanics (Supplementary eTable 2). Google mobility
data were not available for 286/2617 (11%) of counties
included in our analysis, which accounted for < 1% of
the US population.

Among 2617 counties in our study population,
county-level percentage of persons >12 years of age that
were fully vaccinated through October 31, 2021 ranged
from < 1% to > 99% with median uptake of 53%. Fifty-
nine percent (1564/2671) of counties had > 50% of their
vaccine-eligible population fully vaccinated, correspond-
ing to 89% of the US population for whom COVID-19
vaccine coverage reporting completeness was > 90%.
Table 1 summarizes county characteristics by percent-
age of persons > 12 years of age who were fully vacci-
nated. On average, counties with a lower percentage
fully vaccinated had lower median population size
(P < oo1), were less densely populated (P<.oo1), were
less urban (P < oo1), had lower median annual house-
hold incomes (P < oo1) and higher percentage of unin-
sured residents (P < oo1), and had a higher prevalence
of comorbidities such as diabetes, obesity, and current
smokers (all P < oor1). Counties with higher percen-
tages of fully vaccinated were predominantly in popu-
lous areas and large cities along the east and west coast,
while areas in the South had few counties with > 80%
fully vaccinated (Figure 2).

During the study period, the numbers of laboratory-
confirmed COVID-19 cases and deaths in the United
States were 15,209,214 and 168,129, respectively. Cases

across 2671 counties included in our analysis ranged
from o to 273,556, with Los Angeles, CA having the
most (2% of all US cases). Only 1% (25/2671) reported
no cases. No deaths were reported in 4% (101/2671),
however, these counties made up < 1% of the US popu-
lation. The most deaths, 3493, occurred in Los Angeles
County, CA.

Multivariable modeling

Univariate and multivariable results were similar
(Table 2). In fully-adjusted models, counties with >80%
coverage had 30% (95%CI: 25—35; P < oo1) lower rates
of COVID-19 cases and 46% (38—52; P < oor1) lower
rates of COVID-19-related deaths compared to counties
with <50% coverage (Table 2; Figure 3). Multivariable
models revealed a doseresponse: counties with
70—79% uptake had 20% (95% CI: 16—24; P < .001)
and 35% (29—40; P < oo1) lower rates of cases and
deaths, respectively; counties with 60—69% uptake had
8% (5—11; P < .001) and 20% (15—24; P < oor1) lower
rates; and counties with 50—59% uptake had 2% (0—4;
P =.09) and 8% (4—12; P < .0o01) lower rates (Figure 3).
Sensitivity analyses including counties with reported
completeness of >80% (instead of > 90%) yielded simi-
lar results (Supplementary eTable 3). Results were also
similar when restricting the analysis to when the Delta
variant was predominant (June 1, 2021 — October 31,
2021) (Supplementary eTable 4). VIFs for variables
included in multivariable models (for both cases and
deaths) were all < 5 with mean < 2, suggesting no evi-
dence of multicollinearity.

Discussion

US counties with higher proportions of persons
>12 years of age fully vaccinated against COVID-19 had
lower rates of COVID-19 cases and deaths in a period
that included the introduction and widespread dissemi-
nation of the Delta variant. Between April 1, 2021 and
October 31 of 2021, counties with >80% of vaccine-eligi-
ble persons fully vaccinated had 30% (95%CI: 25—35)
lower rates of COVID-19 cases and 46% (38—52) lower
rates of COVID-19-related deaths compared to counties
with <50% coverage after adjusting for important
county-level differences. A strong dose-response was
observed for counties with 70—79%, 60—69%, and
50—59% vaccine coverage. To our knowledge, apart
from crude analyses in the lay press linking vaccine
uptake to COVID-1g disease rates,® *° our results are
the first to comprehensively show a relationship
between community-level vaccine coverage and reduc-
tions in rates of COVID-19 cases and deaths. These find-
ings persisted after adjustment for county-level
environmental, sociodemographic, economic, and
health-status-related characteristics. Further, if the anal-
ysis was restricted to the period when the Delta variant

www.thelancet.com Vol 9 Month May, 2022
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Percentage of persons >12 years of age fully vaccinated against COVID-19 P-value
<50% 50—-59% 60—69% 70—79% >80%
Median (IQR) per US county
Number of counties 1053 808 486 203 67
Outcome Variables (April 1, 2021 — October 31, 2021)
Laboratory-confirmed COVID-19 cases 1145 (454 — 2410) 1466 (585 — 3753) 3062 (947 — 9004) 5639 (1738 — 18,832) 2566 (653 — 14,266) <0.001
Rate of laboratory-confirmed COVID-19 cases per 100,000 5966 (4669 — 7143) 5501 (4608 — 6557) 4750 (3998 — 5731) 3828 (3068 — 4826) 3379 (2463 — 4131) <0.001
Laboratory-confirmed COVID-19 deaths 17 (6 — 34) 19 (7 — 49) 28 (10 — 90) 44 (12 — 154) 26 (5 —134) <0.001
Rate of laboratory-confirmed COVID-19 deaths per 100,000 86 (56 — 125) 66 (45 — 96) 46 (30 — 66) 32 (22 — 45) 23 (16 — 45) <0.001
Environmental exposure variables
Population size 19,035 26,513 64,550 151,391 64,633 <0.001
(8545 — 38,280) (11,344 — 65,209) (19,646 — 192,843) (37,181 — 490,161) (17,582 — 546,695)
Population density (persons per square mile of land) 31 (11 —63) 43 (18 —105) 92 (25 — 325) 242 (35 — 831) 82 (13 — 1069) <0.001
Percent urban 27 (— 48) 43 (17 — 64) 63 (36 — 83) 80 (50 — 94) 73 (32 —95) <0.001
Percent living in crowded housing (>1 person per room) 2(1-3) 2(1-3) 2(1-3) 2(1-4) 3(1—6) <0.001
Air pollution (parts per million) 8(6—9) 8(7—-9) 8(6—9) 7(6-9) 7(5-18) <0.001
Sociodemographic and economic exposure variables
Percent female 0 (49 — 51) 0 (49 — 51) 0 (50 — 51) 1(50 —51) 51 (50 —51) <0.001
Percent aged 0—19 years 5 (23 —26) 5 (23 —26) 4 (22 — 26) 4 (22 — 26) 23 (20 —29) 0.015
Percent aged 20—29 years 2(10-13) 2(10-13) 2(11—14) 3(11—14) 12(11 —14) <0.001
Percent aged 30—49 years 3 (22 —24) 3 (21 —24) 4 (22 — 25) 4 (23 — 26) 25 (22 —28) <0.001
Percent aged 50—64 years 0(19 —22) 21(19-22) 0(19—22) 0(18 —22) 20 (18 —23) 0.364
Percent aged 65—79 years 15(13-17) 15(13 —16) 4(12—16) 3(11—16) 12(11 —=16) <0.001
Percent aged >80 years 5(4—6) 5(4—6) 4(4—05) 4(3-05) 4(3-05) <0.001
Percent Non-Hispanic White 85 (69 —93) 86 (65 —92) 81 (63 —90) 73 (55 —85) 58 (26 — 84) <0.001
Percent Non-Hispanic Black 2(1-28) 2(1-28) 2(1-9) 3(1-9) 1(1-=05) <0.001
Percent Asian 1(-1) 1(—1) 1(1-3) 3(1—-6) 2(1—6) <.0001
Percent other race 1(=2) 1(=1) 1(=2) 1(=2) 1(1-2) <0.001
Percent Hispanic 4(2-9) 4(2-18) 6(3—12) 8 (4 —20) 12 (5 — 26) <0.001
Residential housing segregation scale (0—100, with 100 32(22-41) 32(23-41) 34 (26 — 42) 35 (27 —44) 35 (25 —45) <0.001
being most segregated between Whites and non-Whites
Percent without high school degree 10 (7 —15) 12(8—-16) 13(8-17) 13(9-17) 12(10—19) <0.001
Percent unemployed 6(5—28) 7(-98) 7(6—28) 8(6—9) 8(6—10) <0.001
Median household income (in 2019 dollars) 49,377 53,836 59,714 67,390 69,113 <0.001
(43,492 — 55,619) (47,752 — 60,174) (52,715 — 67,229) (57,048 — 85,357) (50,524 — 98,837)
Percentage of median state household income 84 (75 —94) 88 (78 — 98) 93 (81 — 105) 96 (84 — 116) 104 (82 — 128) <0.001

Table 1 (Continued)
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Percentage of persons >12 years of age fully vaccinated against COVID-19 P-value
<50% 50—59% 60—69% 70—79% >80%
Median (IQR) per US county

Income inequality ratio (comparing 80th percentile of house- 4(4-5) 4(4-5) 4(4-5) 4(4-5) 5(4-5) <0.001
hold
income vs 20th percentile

Percent uninsured 13(9-16) 9(7-13) 8(6—12) 8(6—12) 9(5—-14) <0.001

Health status to related variables

Percent with diabetes 13(10 — 15) 12(10 — 15) 11(9-13) 10@8—-11) 9(7-11) <0.001

Percent obese 35(30 —38) 35(31—-138) 33 (30 —36) 29 (26 —32) 26 (21 —31) <0.001

Percent current smokers 23 (20 — 26) 21 (19 —24) 20 (18 —21) 17 (15— 20) 16 (12 —19) <0.001

Rate of sexually transmitted infections per 1000 persons 3(2-5) 3(2-5) 4(3-5) 4(3—-6) 4(3—-6) <0.001

Travel outside the home during pandemic

Percent change in travel outside the home between Feb 15, -7 (-13 —-4) -8 (-14 —-4) -8(-14—-2) -9 (-15—-1) -19 (-25 —-8) <0.001
2020 to
Oct 31, 2020 compared with prepandemic baseline

Percent change in travel outside the home between Sep 1, 2020 -14 (20 = -7) -13(-18 —=-7) -13(-18 —-8) -16 (-23 = -9) -23(-31 —-16) <0.001
to Mar 31, 2021 compared with prepandemic baseline

Percent change in travel outside the home between Apr 1, 2021 -4 (-17 = 5) -2(-14-7) 2(-9—-11) 1(-9-12) -11(-22-3) <0.001
to October 31, 2021 compared with prepandemic baseline

Prior COVID-19 activity

Laboratory-confirmed COVID-19 cases between Jan 22, 2020 to 201 (60 — 599) 283 (94 — 905) 617 (178 — 2222) 1734 (207 — 7949) 847 (91 — 8351) <0.001
Oct 31, 2020

Laboratory-confirmed COVID-19 cases between Sep 1, 2020 to 1544 (664 — 3124) 2168 (945 — 5034) 4614 (1403 — 14,709) 10,033 (2235 — 33,395) 6494 (898 — 30,543) <0.001
Mar 31, 2021

Laboratory-confirmed COVID-19 deaths between Jan 22, 2020 3(=11) 4(1-21) 12 (2 —54) 43 (3 —220) 20 (1 —202) <0.001
to Oct 31, 2020

Laboratory-confirmed COVID-19 deaths between Sep 1, 2020 to 31(13 -62) 40 (18 — 88) 65 (25 — 205) 110 (32 — 392) 111 (11 —391) <0.001
Mar 31, 2021

COVID-19 Vaccination Uptake

Percent of persons >12 years of age fully vaccinated against 44 (39 — 47) 55 (52 — 58) 64 (62 — 67) 74 (72 —-77) 84 (82 — 89) <0.001

COVID-19 as of October 31, 2021

Table 1: US county characteristics by percentage of residents > 12 years of age who were fully vaccinated against COVID-19 (n=2263).
Analysis was conducted among counties with COVID-19 vaccine coverage reporting completeness of >90%. P value is from a Wilcoxon Rank Sum test comparing medians.
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Figure 2. Percent of persons > 12 years of age fully vaccinated against COVID-19 through October 31, 2021. Gray areas are areas
where vaccine coverage data were not available or vaccine coverage reporting completeness was < 90%.

was predominant (after June 1, 2021), results were simi-
lar.

Exact herd-immunity thresholds for interrupting
SARS-CoV-2 transmission are not known, but most
experts have suggested that at least 6o0—70% of the popu-
lation would need to be being immune via either natural
infection or immunization. Interestingly, our results sup-
port this, showing that counties that achieve at least
60—70% of vaccine-eligible individuals being fully vacci-
nated had significantly lower rates of both COVID-19
cases and deaths. Even with highly efficacious vaccines,
herd-immunity thresholds may be difficult to reach given
significant vaccine hesitancy still exists in many segments
of the US population who are vaccine eligible. This is espe-
cially concerning with the rapid spread of the highly trans-
missible Delta and Omicron variants—which will likely
drive herd immunity thresholds higher.

Most US communities are still far from reaching
>70% of individuals >12 year of age being fully vaccinated
and vaccination rates have started to stagnate.** Through
October 31, 2021, only 9% of all US counties (accounting
for an estimated 36% of the total US population) achieved
>70% of vaccine-eligible individuals being fully vacci-
nated. Those that did, tended to be larger in population
size, more densely populated, more urban, have higher
household income, and a lower percentage of residents
who were uninsured or had underlying health conditions
or behaviors that increase the risk of developing severe
COVID-19. Areas along both the east and west coast had a
large share of counties with >70% fully vaccinated, while
areas in the Southern and Midwestern United States had
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almost no counties reaching this level of uptake. These
findings likely reflect health access issues in poor rural US
communities that are driven by healthcare provider short-
ages, insufficient broadband Internet availability, and lon-
ger travel distances—all of which can make getting
vaccinated more difficult.** These areas also face addi-
tional challenges including a lack of trust in the govern-
ment and heightened concern about the safety of COVID-
19 vaccines.” Thus, new approaches to reduce vaccine hes-
itancy and to incentivize vaccination should be explored
and will likely require partnership across private and pub-
lic sectors. This also highlights the potential utility of
expanding vaccination to children and ensuring the appro-
priate utilization of boosters—to help inch closer to and
maintain community immunity threshold levels.

Our study has limitations. We did not have vaccine
coverage data for all counties. However, we had cover-
age data (i.e., > 90% reporting completeness) for 83%
of all US counties which represented 9o0% of the US
population. Moreover, results were similar if the analy-
sis was expanded to include counties with > 80% vac-
cine uptake reporting completeness. Another limitation
is that our study was ecological and the potential for
unmeasured confounding exists. For example, we did
not have county-level data about non-pharmaceutical
interventions (e.g., mask mandates, business closures,
occupancy restrictions). However, we included county-
level data describing mobility during the pandemic—
which is a proxy for social-distancing measures.*> Fur-
ther, we controlled for a wealth of county-level variables
and found similar results between crude and adjusted
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Model* Counties US Population % Total US Percentage of persons >12 years of age fully vaccinated against COVID-19
(3142) (328,239,523) Population
50-59% 60—69% 70—-79% >80%
IRR P-value IRR P-value IRR P-value IRR P-value
Cases
Crude* 2617 295,680,341 90% 0.98 162 091 <.001 0.78 <.001 0.70 <0.001
(0.94 —1.01) (0.87 — 0.95) (0.74 — 0.83) (0.64 — 0.77)
Environmental 2617 295,680,341 90% 0.97 .05 0.90 <.001 0.76 <.001 0.67 <0.001
(0.93 —1.00) (0.86 — 0.94) (0.71 —0.81) (0.61 — 0.74)
Environmental, mobility 2331 294,698,989 90% 0.96 .038 0.90 <.001 0.77 <.001 0.67 <0.001
(0.93 —1.00) (0.86 — 0.94) (0.72 — 0.82) (0.61 —0.74)
Environmental, mobility, prior 2331 294,698,989 90% 0.96 .039 0.90 <.001 0.77 <.001 0.67 <0.001
disease activity (0.93 —1.00) (0.86 — 0.94) (0.72 — 0.82) (0.61 — 0.74)
Environmental, mobility, prior 2307 291,505,705 89% 0.97 .019 0.90 <.001 0.78 <.001 0.69 <0.001
disease activity, sociodemo- (0.95 — 1.00) (0.88 — 0.93) (0.74 — 0.82) (0.64 — 0.74)
graphic and economic
Environmental, mobility, prior 2307 291,505,705 89% 0.98 .09 0.92 <.001 0.80 <.001 0.70 <0.001
disease activity, sociodemo- (0.96 — 1.00) (0.89 — 0.95) (0.76 — 0.84) (0.65 — 0.75)
graphic and economic, health-
status-related
Deaths
Crude* 2617 295,680,341 90% 0.88 <.001 0.69 <.001 0.51 <.001 041 <0.001
(0.84 — 0.92) (0.65 —0.72) (0.47 — 0.55) (0.37 — 0.47)
Environmental 2617 295,680,341 90% 0.91 <.001 0.74 <.001 0.55 <.001 042 <0.001
(0.87 — 0.95) (0.70 — 0.78) (0.50 — 0.59) (0.37 — 0.48)
Environmental, mobility 2331 294,698,989 90% 091 <.001 0.75 <.001 0.57 <.001 0.45 <0.001
(0.87 — 0.95) (0.71 — 0.80) (0.52 - 0.62) (0.40 — 0.51)
Environmental, mobility, prior 2331 294,698,989 90% 0.91 <.001 0.75 <.001 0.57 <.001 043 <.001
disease activity (0.87 — 0.95) (0.71 — 0.80) (0.52 —0.61) (0.38 — 0.49)
Environmental, mobility, prior 2307 291,505,705 89% 091 <.001 0.78 <.001 0.62 <.001 0.52 <.001
disease activity, sociodemo- (0.87 — 0.95) (0.74 — 0.82) (0.57 — 0.67) (0.46 — 0.59)
graphic and economic
Environmental, mobility, prior 2307 291,505,705 89% 0.92 <.001 0.80 <.001 0.65 <.001 0.54 <.001
disease activity, sociodemo- (0.88 — 0.96) (0.76 — 0.85) (0.60 — 0.71) (048 — 0.62)

graphic and economic, health-
status-related

Table 2: Univariate and multivariable models describing the relationship between rates of COVID-19 cases and deaths and the percentage of residents >12 years of age who were fully vaccinated

against COVID-19 (n=2263)*.

CI = confidence interval. IRR = incidence rate ratio. Analysis was conducted among counties with COVID-19 vaccine coverage reporting completeness of >90%. Table S1 in the Supplementary Appendix describes each variable

included in the model in detail.

Negative binomial regression models were used. All models, including the crude model, include the county population size and include state (n=51 including the District of Columbia) as a random effect. Counties with
>12 years of age COVID-19 vaccine coverage < 50% served as the reference group in all comparisons. Environmental variables include urbanicity.
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Figure 3. Percent relative reduction and 95% confidence intervals in US county-level rates of COVID-19 cases and deaths corre-
sponding to the percentage of persons > 12 years of age who are fully vaccinated against COVID-19. Results are from fully-adjusted
multivariable models comparing counties with < 50% versus 50—59%, 60—69%, 70—79%, and > 80% of persons > 12 years of age
fully vaccinated against COVID-19. Analysis excludes counties where vaccine coverage reporting completeness was < 90%.

models. Another limitation is that our data—apart from
our outcome variables (rates of COVID-19 cases and
deaths), primary exposure of interest (COVID-19 vac-
cine coverage), and mobility data—were historical.
Thus, data about unemployment and health insurance
status, household income, and other sociodemographic
and environmental factors did not necessarily reflect the
situation during our study period. Additionally, not all
exposure data came from the same year. However, we
obtained the most-recent estimates from all data sources
and most of the data describing county-level characteris-
tics were based on estimates from the last two years.
Four percent of counties reported no deaths. These
counties, however, accounted for <1% of the US popula-
tion. Moreover, negative binomial regression models,
which we used in our analysis, allow for overdispersion
(which can result from excess zeros) and straightfor-
ward interpretation, and have been shown to model
count data with zeros as well as other zero-inflated Pois-
son models.** Our findings are not vaccine-specific.
Based on CDC data through June 2021, of the roughly
374 million COVID-19 vaccine doses distributed in the
United States, 53% were BNT162b2, 44% were mRNA-
1273, and only 3% were Ad26.COV2.S.* Thus our
results largely reflect the impact of being fully vacci-
nated with mRNA vaccine. Finally, we did not have data
describing county-level SARS-CoV-2 testing practices. If
there was a correlation between county-level vaccination
coverage and testing rates, this could have biased our
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results. In addition to rates of COVID-19 cases, how-
ever, we also included county-level COVID-19-related
death rates which are less sensitive to testing practices.

Conclusions

Our results showed that US counties with higher pro-
portions of persons > 12 years of age fully vaccinated
against COVID-19 had substantially lower rates of
COVID-19 cases and deaths. Results were similar if the
analysis was restricted to the period when Delta was pre-
dominant (i.e., after June 2021). Thus, communities
should continue to prioritize improving COVID-19 vac-
cination rates, even in hard-to-reach places. Without
sustained public-health interventions, the gap in rates
of COVID-19 cases and deaths between well-vaccinated
and poorly-vaccinated communities is likely to widen as
we enter the winter viral season. Finally, similar analy-
ses will be needed in the future to understand the
impact of booster doses, especially against novel var-
iants of concern like Omicron.
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