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Abstract

Objectives: Efforts to contain the health effects of the COVID-19 pandemic have achieved less success in the United States
than in many comparable countries. Previous research documented wide variability in the capabilities of local public health
systems to carry out core disease prevention and control activities, but it is unclear how this variability relates to COVID-19
control. Our study explored this relationship by using a nationally representative sample of 725 US communities.

Methods: We used data collected from the National Longitudinal Survey of Public Health Systems to classify each community
into | of 3 ordinal categories indicating limited, intermediate, or comprehensive public health system capabilities. We used
2-part generalized linear models to estimate the relationship between public health system capabilities and COVID-19 death
rates while controlling population and community characteristics associated with COVID- 19 risk.

Results: Across 3 waves of the pandemic in 2020, we found a significant negative association between COVID-19 mortality
and public health system capabilities. Compared with comprehensive public health systems, intermediate public health
systems had an average of 4.97 to 19.02 more COVID-19 deaths per 100 000 residents, while limited public health systems
had an average of 5.95 to 18.10 more COVID-19 deaths per 100 000 residents.

Conclusion: Overall, communities with stronger public health capabilities had significantly fewer deaths. Future initiatives
to strengthen pandemic preparedness and reduce health disparities in the United States should focus on local public health

system capabilities.
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Two years after the World Health Organization announced
that COVID-19 had reached pandemic levels, the United
States continues to struggle with containing its health and
economic effects.!® As of December 16, 2021, the United
States reported more than 50 million COVID-19 cases and
more than 800 000 deaths, accounting for a disproportionate
share of the global disease burden.* COVID-19 case and
death rates in the United States are some of the highest
among high-income countries, which many experts attribute
to the lack of early federal guidance and leadership on the
COVID-19 public health response.”® While many other
countries used centralized approaches for COVID-19 test-
ing, contact tracing, containment, and mitigation, the United
States delegated many pandemic responsibilities to state and
local governments.>3-10

This decentralized approach to addressing COVID-19 led to
various response plans, policies, behaviors, and attitudes,
which likely complicated efforts to contain the pandemic.!!
One regularly observed factor is that pandemic response
actions in the United States have become highly politicized,
including restrictions on businesses and public gatherings, face

mask recommendations and requirements, and vaccination
campaigns and mandates.'>'* As a result, state and local policy
officials have chosen widely divergent policy responses based
in part on geographic differences in political affiliations and
public opinion.'*!> A second but less visible complicating fac-
tor derives from the capabilities of state and local public health
systems. These systems comprise governmental public health
agencies and the community organizations they partner with to
implement disease prevention and control activities within
their jurisdictions. A large body of evidence indicates that these
systems vary widely in their ability to implement core public
health activities as recommended by national public health
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advisory bodies. Many of these core activities are highly rele-
vant to the COVID-19 response, including disease surveil-
lance, outbreak investigation, public education, coordination
with medical care providers, outreach to populations vulnera-
ble to preventable disease and injury, policy recommendations
for elected officials, and enforcement of health-related laws
and regulations.''® These activities may also inform the
COVID-19 policy choices of state and local policy officials
based on evidence rather than politics. Studies conducted
before the COVID-19 pandemic found that important health
and economic benefits accrue in US communities served by
public health systems that are successful in implementing core
public health activities, including lower rates of preventable
mortality, lower medical spending, and higher adoption of evi-
dence-based health policies.'”?2

To our knowledge, no studies have directly examined
geographic variation in public health system capabilities and
its relationship to COVID-19 control in the United States.
We explored this relationship by using data from a nationally
representative survey of local public health systems, linked
with publicly available county-level data on COVID-19
death rates.?**

Methods
Study Population

We used data from the National Longitudinal Survey of
Public Health Systems (NALSYS), which has been used in
more than 20 years of research to categorize public health
system capabilities in the United States and measure the
effects of these capabilities on health outcomes.?!-?325:26
NALSYS surveys local public health officials in a nationally
representative sample of communities about the implementa-
tion of 20 guideline-recommended public health activities
and the types of community organizations that cooperate in
implementing each activity. The sample consists of 3 compo-
nents: (1) a 100% sample of US communities with =100 000
residents (n = 296), (2) a stratified random sample of com-
munities with <100 000 residents (n = 258), and (3) a 100%
sample of communities in 4 states that participated in a
national collaborative to strengthen their public health sys-
tems (n = 178). The total sample was 732 communities; we
excluded 7 communities because they were missing values
for system capability measures, resulting in an analytic sam-
ple of 725 communities. We defined communities based on
the jurisdiction served by each responding local public health
official, including 616 counties (85%), 36 cities and towns
(5%), and 75 multicounty districts (10%); 2 jurisdictions
were categorized as both cities and towns and as multicounty
districts. Data from the 2018 wave of NALSYS were col-
lected during July through December 2018 and, therefore,
provided the most proximate data to the 2020 COVID-19
outbreak. The 2018 wave of NALSYS had a 71% overall
response rate. The study was reviewed by the Colorado

Multiple Institutional Review Board and was determined to
be exempt.

Data and Measures

The main covariate of interest was the ordinal composite
measure of public health system capability constructed from
the NALSYS survey. This measure combines information
from 3 sets of survey items: (1) the array of 20 recommended
public health activities that are implemented in the commu-
nity, (2) the network of community organizations that con-
tribute to each activity, and (3) the level of effort contributed
by the governmental public health agency to each activ-
ity. 21232326 We applied cluster analysis methods to the survey
items to identify 3 composite levels of public health system
capability: (1) limited capability, implementing fewer than
half of the 20 public health activities on average with the
smallest networks of contributing organizations; (2) interme-
diate capability, implementing more than half of the activi-
ties on average with moderate-sized networks of contributing
organizations; and (3) comprehensive capability, implement-
ing two-thirds or more of the activities on average with the
largest networks of contributing organizations. Previous
work described in detail the methods used to create the capa-
bility composite levels used in this analysis.?

Our model also included covariates that are known to be
associated with the spread of infectious disease and COVID-
19 morbidity and mortality. We merged NALSYS data with
the 2018-2019 Health Resources & Services Administration’s
Area Health Resource File to obtain demographic and socio-
economic data, including number of physicians, nursing
home beds, and hospital beds per 100 000 residents.”” We
also used the Centers for Disease Control and Prevention’s
WONDER Underlying Cause of Death, 1999-2020 files to
create a variable that would account for health conditions
that could increase a community’s risk of COVID-19 mortal-
ity.”® These conditions included chronic acute lower respira-
tory disease, HIV, cancer, cerebrovascular disease, and
cardiovascular disease.?*° For information on political envi-
ronment, we collected 2016 electoral data from The New
York Times! and a list of state governors’ parties in 2020
from Ballotpedia.>? We also used state-level COVID-19 test-
ing data from The Atlantic’s COVID Tracking Project to
account for state testing capacity.>* We included other covari-
ates that have been shown to be related to an increased risk
of COVID-19 in the population. These include county-level
estimates of the proportion of adults who reported wearing a
face mask outside the home by frequency of use (always,
frequently, sometimes, rarely, or never), rurality, average
household size, average time traveled to work, average
income per capita, population size, population density, and
percentage of the population that is non-Hispanic White,
aged =65 years, college educated, without health insurance,
and unemployed.?”-* Finally, we collected publicly available
data on COVID-19 deaths from Johns Hopkins’ Center for
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Systems Science and Engineering.?* We calculated the num-
ber of COVID-19 deaths per 100 000 county residents using
2018 population estimates from the 2010 US Census.**

Given rapidly changing information, messaging, and
response during the pandemic year, we assessed the associa-
tion between public health system capability and COVID-19
death rates at multiple time points throughout 2020. We
selected 3 time points to correspond with increases in
COVID-19 cases and media reports of waves. We selected
May 14, 2020, as the first wave; August 31, 2020, as the sec-
ond wave; and December 21, 2020, as the third wave. Each
point was 2 weeks after the average peak of COVID-19 cases
in a wave.

Statistical Analysis

Using a 2-part model specification for each of the 3 COVID-
19 waves, we estimated the association between public
health system capability and county-level COVID-19 death
rates. The first part of the model used logistic regression to
estimate the probability of a county having =1 COVID-19
death. The second part of the model used a generalized linear
model to estimate the number of COVID-19 deaths in the
county per 100 000 residents, conditional on having =1
death, using a log transformation to address skewness. The
flexibility of the 2-part model allowed us to account for the
relatively large number of counties with zero COVID-19
deaths, particularly in earlier waves of the pandemic, and the
nonnormal distribution of county-level COVID-19 death
rates.>>*® We included the same covariates in both parts of
the model, which included county demographic and social
characteristics, political factors, and health factors. For ease
of interpretation, we used coefficient estimates from both
parts of the 2-part model to calculate the marginal effect of
each covariate on the unconditional COVID-19 death rate.
Using power calculations, we determined that the minimum
detectable difference, assuming no covariates, given our
sample size of 725, power of 80%, and an a of 5%, was 0.22
deaths per 100 000 residents.

We also created graphs that compared our 2-part model
COVID-19 death rates with unadjusted COVID-19 death
rate averages from March 2020 to December 2020. For the
2-part graph, we calculated weekly marginal effects of
COVID-19 death rates by system capability measure. For the
unadjusted graph, we calculated weekly COVID-19 death
rate averages by system capability measure using NALSY'S
county weights. We used Stata version 15.1 (StataCorp,
LLC) for all analyses.

Results

Counties with comprehensive public health systems had the
lowest average COVID-19 death rates per 100 000 residents
compared with counties with intermediate and limited public
health systems; however, these unadjusted differences were

significant only in the third wave of the pandemic (F' = 7.43;
P <.001) (Table 1). Conversely, counties with limited public
health systems were less likely than counties with intermedi-
ate and comprehensive public health systems to have =1
COVID-19 death, but these unadjusted differences were sig-
nificant only in the second wave (F = 10.46; P < .001). The
3 system capability measures also differed significantly
across several community characteristics. Compared with
counties with comprehensive public health systems, counties
with limited public health systems had significantly lower
rates of college educational attainment, more nursing home
beds per 100 000 residents, and fewer physicians per 100 000
residents, and were more likely to be rural. Counties with
limited public health systems also had significantly higher
mortality rates from health conditions that complicate
COVID-19 infection and were disproportionately located in
states with higher COVID-19 testing rates.

Results of the 2-part models showed significantly higher
COVID-19 death rates in counties with intermediate and
limited public health systems compared with comprehensive
public health systems after adjusting for other covariates
(Table 2). For the first wave, counties with intermediate pub-
lic health systems had an average of 4.97 more COVID-19
deaths per 100 000 residents than counties with comprehen-
sive public health systems, and counties with limited public
health systems had an average of 5.95 more COVID-19
deaths per 100 000 residents than counties with comprehen-
sive public health systems. For the second wave, counties
with intermediate public health systems had an average of
9.13 more deaths per 100 000 residents and counties with
limited public health systems had an average of 8.05 more
deaths per 100 000 residents compared with counties with
comprehensive public health systems. Finally, for the third
wave, counties with intermediate and limited public health
systems had an average of 19.02 and 18.10 more COVID-19
deaths per 100 000 residents, respectively, compared with
counties with comprehensive public health systems.

We also saw significant differences in COVID-19 death
rates by political variables, such as county presidential vot-
ing percentages and state governor’s party. In all 3 waves of
the pandemic in 2020, COVID-19 death rates were positively
associated with the percentage of the county that voted for
Trump in 2016. A 10 percentage-point increase in the propor-
tion of the county that voted for Trump in 2016 was esti-
mated to have an average of 8.76 more COVID-19 deaths per
100 000 residents during the third wave (December 2020).
On the other hand, a Republican state governor in 2020 had
mixed effects on COVID-19 death rates across the 3 time
points, with a significant negative association in the first
wave, a nonsignificant relationship in the second wave, and
a significant positive association in the third wave (Table 2).

For the 2-part model graph, we found that weekly mar-
ginal effects of COVID-19 death rates from March 2020 to
December 2020 were significantly lower among counties
with comprehensive public health systems than among
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Table I. Demographic characteristics and COVID-19 outcomes in communities served by comprehensive, intermediate, and limited
public health systems, United States, 2018 and 2020°

Capability of public health system®

Comprehensive Intermediate Limited
Characteristic (n = 237) (n=98) (n =390) P value®
County
Household size, no. 2.5 2.5 2.5 .86
Located in rural county, % 51.4 47 .4 65.7 .001
Population, in 10 000s 30.0 22.5 15.9 .03
Average travel time to work, min 24.0 24.7 24.7 .28
Population density per square mile 489.0 369.2 282.7 A7
Male, % 49.7 49.7 49.8 .80
Population aged =65 years, % 17.7 18.3 18.3 .14
No health insurance, % 84 8.6 9.1 .06
Non-White, % 17.2 16.2 153 .35
Unemployed, % 48 5.1 4.7 .16
4-Year college degree, % 228 220 20.4 .02
Income per capita, in $10 000s 4.36 4.38 4.17 .18
No. of nursing home beds per 100 000 residents 681.5 646.5 7433 .03
No. of hospital beds per 100 000 residents 254.3 380.5 2753 .08
No. of physicians per 100 000 residents 190.1 194.2 141.8 <.001
Voted for Trump in 2016, % 60.9 63.3 65.5 .003
Republican governor in 2020, % 474 37.7 60.1 <.001
COVID-19 risk death rate per 100 000 residents? 604.6 646.3 652.6 .003
COVID-19 mitigation efforts
Estimated proportion of adults reporting wearing a
face mask outside the home, by frequency of use
Never 74 7.1 83 .04
Rarely 8.0 8.1 84 .67
Sometimes 12.5 1.8 12.3 .66
Frequently/always 72.0 73.1 71.1 .32
State COVID-19 testing rates per 100 000
residents, by wave in 2020¢
First wave 1343 1256 1687 .0l
Second wave 8601 7961 10 430 .02
Third wave 20 400 19 450 25430 .005
COVID-19 deaths, by wave in 2020°
COVID-19 deaths per 100 000 residents
First wave (May 14) 12.68 17.12 14.49 A8
Second wave (August 31) 28.76 35.94 33.58 .33
Third wave (December 21) 82.15 95.72 103.53 <.001
COVID-19 deaths =1, %
First wave (May 14) 66.61 62.98 59.03 .20
Second wave (August 31) 93.15 87.76 78.93 <.001
Third wave (December 21) 97.69 99.23 96.51 .32

*Three levels of public health system capability were defined: (1) limited capability, defined as systems implementing fewer than half of the 20 public health
activities on average with the smallest networks of contributing organizations; (2) intermediate capability, defined as systems implementing more than half
of the activities on average with moderate-sized networks of contributing organizations; and (3) comprehensive capability, defined as implementing two-
thirds or more of the activities on average with the largest networks of contributing organizations.

bData sources: National Longitudinal Survey of Public Health Systems,23 US Census Bureau,** Health Resources & Services Administration,?” The New
York Times,?' The Atlantic’'s COVID Tracking Project,®* Centers for Disease Control and Prevention,?® Johns Hopkins’ Center for Systems Science and
Engineering,* and Ballotpedia.®

‘Determined by F statistic; P < .05 considered significant.

9Deaths in the county associated with conditions that pose a higher risk of death from COVID-19: chronic acute lower respiratory disease, HIV, cancer,
cerebrovascular disease, and cardiovascular disease.?**° Measure was used as a proxy for county-level chronic disease morbidity.

¢Three points were selected to correspond with increases in COVID-19 cases and media reports of waves: May 14 as the first wave, August 31 as the
second wave, and December 21 as the third wave. Each point was 2 weeks after the average peak of COVID-19 cases in a wave.
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Table 2. Marginal effects estimates for COVID-19 death rates per 100 000 residents in the United States in April, August, and

December 2020%°

Combined coefficient (SE)

First wave Second wave Third wave
Variable (N = 725) (N = 725) (N =725)
Public health system capability category®
Comprehensive Reference Reference Reference
Intermediate 4.97¢ (2.43) 9.13¢ (3.62) 19.02¢ (7.74)
Limited 5.95¢ (2.08) 8.05¢ (2.82) 18.10¢ (5.22)
County characteristic
Household size, no. 13.67 (14.40) 13.99 (14.84) 58.244 (20.54)
Rural, % -1.65 (4.81) -5.37 (4.70) -2.07 (7.83)
Population, in 10 000s 0.06¢ (0.02) 0.22¢ (0.04) 0.29¢ (0.10)
Average travel time to work, min 0.16 (0.30) 0.81 (0.41) 0.33 (0.62)
Population density per square mile 0.01¢ (0.01) 1.07e73 (0.01) -0.02 (0.02)
Population density? per square mile -4.63e77 (2.02¢7) -2.66e77 (3.68¢e7) 7.14e7® (4.55¢7)
Male, % -2.00¢ (0.82) -0.87 (1.49) 2.21 (1.99)
Population aged =65 years, % 0.49 (0.46) 1.44¢ (0.51) 4.15¢ (0.97)
No health insurance, % -0.94¢ (0.37) -1.259 (0.53) -1.78% (0.90)
Non-White, % 0.22¢ (0.92) 0.64¢ (0.14) 0.96¢ (0.25)
Unemployed, % 1.36¢ (0.67) 3.784 (0.85) 0.23 (2.57)
4-Year college degree, % -0.13 (0.28) 0.09 (0.31) 0.29 (0.59)
Income per capita, in $10 000s 0.30 (0.12) 0.44¢ (0.15) 0.44 (0.30)
No. of nursing homes per 100 000 residents 0.02¢ (4.90€73) 0.03¢ (0.01) 0.05¢ (0.01)
No. of hospital beds per 100 000 residents 0.01¢4(3.33¢7) 0.01¢ (3.87¢7) 0.01 (0.01)
No. of physicians per 100 000 residents -0.01 (4.75€7%) —-0.01 (0.01) —-0.01 (0.02)
COVID-19 risk death rate per 100 000 residents® -0.02 (0.02) -0.04 (0.02) -0.01 (0.03)
Voted for Trump in 2016, % 0.30¢(0.13) 0.444 (0.22) 0.88¢(0.37)
Has a Republican governor -9.45¢ (1.75) 1.43 (2.88) 14.49¢ (6.20)
Estimated proportion of adults reporting face mask
wearing outside of home, by frequency of use
Never -0.40 (0.40) -0.91 (0.47) -0.09 (0.71)
Rarely -0.92¢ (0.46) -0.66 (0.55) 0.05 (0.79)
Sometimes 0.12 (0.30) -0.46 (0.40) 0.05 (0.53)
Frequently/always Reference Reference Reference

No. of state COVID-19 tests per 100 000 residents

3.08¢7¢ (6.80e™)

8.58e7 (1.47¢™) 5.08¢7 (1.28¢™)

*Three points were selected to correspond with increases in COVID-19 cases and media reports of waves: May 14 as the first wave, August 3| as the
second wave, and December 21| as the third wave. Each point was 2 weeks after the average peak of COVID-19 cases in a wave.

®Data sources: National Longitudinal Survey of Public Health Systems,2> US Census Bureau,* Health Resources & Services Administration,” The New
York Times,?' The Atlantics COVID Tracking Project,®® Centers for Disease Control and Prevention,?® Johns Hopkins’ Center for Systems Science and

Engineering,2 and Ballotpedia.®

“Three levels of capability of public health systems were defined: () limited capability, defined as systems implementing fewer than half of the 20 public
health activities on average with the smallest networks of contributing organizations; (2) intermediate capability, defined as systems implementing
more than half of the activities on average with moderate-sized networks of contributing organizations; and (3) comprehensive capability, defined as
implementing two-thirds or more of the activities on average with the largest networks of contributing organizations.

dDetermined by y? statistic; P < .05 considered significant.

Deaths in the county associated with conditions that pose a higher risk of death from COVID-19: chronic acute lower respiratory disease, HIV, cancer,
cerebrovascular disease, and cardiovascular disease.?**° Measure was used as a proxy for county-level chronic disease morbidity.

counties with limited public health systems. In contrast, the
unadjusted graph shows higher COVID-19 death rates among
counties with comprehensive public health systems compared
with counties with limited public health systems (Figure).
When we accurately modeled the relationship between
COVID-19 death rates and public health system capability,
such as controlling for confounding and accounting for coun-
ties with zero deaths, counties with comprehensive public

health systems had the lowest COVID-19 death rates per 100
000 residents throughout the pandemic period.

Discussion

Our analysis of 3 waves of the COVID-19 pandemic in 2020
showed a significant negative correlation between COVID-
19 death rates and public health system capability. The
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Figure. Marginal effects estimates versus NALSYS-weighted averages of cumulative COVID-19 death rates per 100 000 residents
across comprehensive, intermediate, and limited public health systems from April 7, 2020, through February 28, 2021. Three levels

of capability of public health systems were defined: (1) limited capability, defined as systems implementing fewer than half of the 20
public health activities on average with the smallest networks of contributing organizations; (2) intermediate capability, defined as
systems implementing more than half of the activities on average with moderate-sized networks of contributing organizations; and

(3) comprehensive capability, defined as implementing two-thirds or more of the activities on average with the largest networks of
contributing organizations. Abbreviation: NALSYS, National Longitudinal Survey of Public Health Systems. Data sources: NALSYS,2 US
Census Bureau,** Health Resources & Services Administration,?” The New York Times,>' The Atlantic's COVID Tracking Project,33 Centers
for Disease Control and Prevention,?® Johns Hopkins’ Center for Systems Science and Engineering,2* and Ballotpedia.®

analysis also showed similar differences in COVID-19 death
rates between counties with limited and intermediate public
health systems when compared with comprehensive public
health systems, despite intermediate public health systems
having better capabilities. This apparent inconsistency could
be due to intermediate public health systems performing more
activities and having denser networks than their infrastructure
can support. Potentially, the few public health activities that
are delivered in limited public health systems are effective at
mitigating COVID-19 outcomes because more resources and
staff can be directed toward those few public health activities.
This result suggests that public health system capabilities are
complex and that simply adding more public health activities
or increasing organization participation in those activities
does not relate to better health outcomes if the existing infra-
structure cannot support those increases.

We also tested the relationship between public health sys-
tem capability and COVID-19 death rates with covariates that
are not normally associated with public health, specifically
political variables. The 2 political variables in this model (per-
centage of a county that voted for Trump in the 2016 presiden-
tial election and a Republican state governor) were included to
control for individual attitudes toward COVID-19 mandates
and policies. In the United States, it has been well documented
that the COVID-19 pandemic is a public health crisis that was
subjected to political polarization, and experts have found that
political affiliation resulted in differential behaviors, such as
face mask wearing and more strictly obeying stay-at-home
mandates.'>!®37 That being said, these variables may capture
unobserved confounding in ways that do not match the concep-
tual theories of noncompliance with mandates and higher like-
lihood of behavior that increases the risk of COVID-19
infection. Moreover, the association between public health

system capability and COVID-19 death rates was significant
with and without political variables.

Limitations

Our study had several potential limitations. First, our measures
of public health system capability were reported by the local
public health officials serving each county, who may not have
complete knowledge about all public health activities performed
in their jurisdictions. Activities performed without the knowl-
edge of local public health officials may be less likely than
activities performed with respondent knowledge to be reported
in the NALSYS survey, although validation studies indicate that
the survey’s validity and reliability are strong.>® Furthermore,
the NALSYS survey had a 71% response rate, so findings may
not generalize to nonresponding jurisdictions.

Second, COVID-19 death data have some quality and reli-
ability issues. Underreporting of deaths attributable to COVID-
19 may occur as a result of various factors, such as deaths that
occur before a COVID-19 diagnosis can be made, deaths that
occur outside hospital settings, and deaths that are recorded and
reported by individuals with limited COVID-19 expertise. One
study found that the percentage of excess deaths not assigned to
COVID-19 was significantly higher in counties with higher
numbers of uninsured residents, fewer primary care physicians
per capita, and greater numbers of deaths occurring in nursing
homes.* If these patterns lead to higher underreporting of
COVID-19 mortality in counties with lower public health sys-
tem capability, then our findings may understate the associa-
tions between capability and mortality.

Finally, our analysis was cross-sectional and did not use any
longitudinal methods to assess the relationship between
COVID-19 death rates and public health system capabilities.
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This type of analysis allows for the possibility of unobserved
confounding and requires caution when interpreting results
beyond correlation. For example, previous research on COVID-
19 showed higher hospitalization and death rates in communi-
ties with better emergency preparedness.”’ Although our
analysis attempted to control for potential confounding by
including a wide array of county-level measures of community
characteristics, these covariates may not fully account for
unmeasured factors that are correlated with both capability lev-
els and mortality patterns.*!

Conclusion

Our findings showed a significant correlation between pub-
lic health system capabilities and COVID-19 death rates
during 2020 and add to the body of literature on inequities in
the COVID-19 pandemic and US public health systems. In
line with previous research and recommendations by experts
on US emergency preparedness, infrastructure must be in
place before an emergency.>? We showed that differences in
COVID-19 death rates between comprehensive and limited
or intermediate public health systems grew during 2020.
Indeed, our analysis of the third wave shows the widest gap
in COVID-19 deaths between comprehensive and limited or
intermediate public health systems after virtually every state
had adopted at least 1 mandate or policy to control the
spread of COVID-19.

While many public health experts have been sounding the
alarm on gaps in public health system capabilities in the United
States, many communities face funding and capacity con-
straints that limit their ability to implement all recommended
public health activities. For example, rural areas have smaller
tax bases to tap for financing public services, which means
fewer resources available to hire public health workers and
support collaborative relationships with community organiza-
tions.??” Our study showed that limited public health systems
were more likely than intermediate and comprehensive public
health systems to serve rural counties, counties whose popula-
tions had low educational attainment, and counties with fewer
hospital and physician resources. The COVID-19 mortality
patterns found in our study provide just 1 example of the pre-
ventable health outcomes that could be improved with addi-
tional resources allocated to local public health systems. New
federal appropriations such as the Strengthening US Public
Health Infrastructure, Workforce, and Data Systems grant pro-
gram included in the American Rescue Plan could help allevi-
ate local resource constraints.*>*> However, unless local health
departments secure sustainable funding sources to improve
capabilities, health disparities will continue to manifest among
the populations most vulnerable to preventable disease and
injury in the United States.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The authors received the following financial support for the
research, authorship, and/or publication of this article: Both
authors received financial support for the research in this article
through grant no. 78892 from the Robert Wood Johnson Foundation
(RWIJF) for the Systems for Action research program. Dr Mays
also received support for this research through RWJF grant no.
72206 for the National Health Security Preparedness Index pro-
gram, contract no. 75D30118C03568 00001 from the Centers for
Disease Control and Prevention (CDC) for the National Health
Security Preparedness Index Validation Study, and cooperative
agreement no. U48DP006399 from CDC for the Rocky Mountain
Prevention Research Center.

ORCID iD

Deena N. Brosi, MPH (/2 https://orcid.org/0000-0002-5294-1414

References

1. World Health Organization. Coronavirus (COVID-19) events
as they happen. Rolling updates on coronavirus disease
(COVID-19). Updated July 31, 2020. Accessed April 20, 2021.
https://www.who.int/emergencies/diseases/novel-coronavi-
rus-2019/events-as-they-happen

2. Gates B. Responding to COVID-19—a once-in-a-century pan-
demic? N Engl J Med. 2020;382(18):1677-1679. doi:10.1056/
NEJMp2003762

3. Bergquist S, Otten T, Sarich N. COVID-19 pandemic in the
United States. Health Policy Technol. 2020;9(4):623-638.
doi:10.1016/j.h1pt.2020.08.007

4. Coronavirus map: tracking the global outbreak. The New
York Times. Updated February 26, 2022. Accessed September
1, 2020. https://www.nytimes.com/interactive/2020/world/
coronavirus-maps.html?action=click&module=Top%20
Stories&pgtype=Homepage

5. Legido-Quigley H, Asgari N, Teo YY, et al. Are high-perform-
ing health systems resilient against the COVID-19 epidemic?
Lancet.  2020;395(10227):848-850.  doi:10.1016/S0140-6736
(20)30551-1

6. Schuchat A, CDC COVID-19 Response Team. Public health
response to the initiation and spread of pandemic COVID-19 in
the United States, February 24—April 21, 2020. MMWR Morb
Mortal Wkly Rep. 2020;69(18):551-556. doi:10.15585/mmwr.
mmo6918e2

7. Gostin LO, Wiley LF. Governmental public health powers dur-
ing the COVID-19 pandemic: stay-at-home orders, business
closures, and travel restrictions. JAMA. 2020;323(21):2137-
2138. doi:10.1001/jama.2020.5460

8. Haffajee RL, Mello MM. Thinking globally, acting locally—the
US response to COVID-19. N Engl J Med. 2020;382(22):e75.
doi:10.1056/NEJMp2006740

9. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting
characteristics, comorbidities, and outcomes among 5700
patients hospitalized with COVID-19 in the New York
City area. JAMA. 2020;323(20):2052-2059. doi:10.1001/
jama.2020.6775

10. Pan A, Liu L, Wang C, et al. Association of public health inter-
ventions with the epidemiology of the COVID-19 outbreak in
Wuhan, China. JAMA. 2020;323(19):1915-1923. doi:10.1001/
jama.2020.6130


https://orcid.org/0000-0002-5294-1414
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://www.nytimes.com/interactive/2020/world/coronavirus-maps.html?action=click&module=Top%20Stories&pgtype=Homepage
https://www.nytimes.com/interactive/2020/world/coronavirus-maps.html?action=click&module=Top%20Stories&pgtype=Homepage
https://www.nytimes.com/interactive/2020/world/coronavirus-maps.html?action=click&module=Top%20Stories&pgtype=Homepage

Brosi and Mays

987

11.

12.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Gordon SH, Huberfeld N, Jones DK. What federalism means
for the US response to coronavirus disease 2019. JAMA
Health Forum. 2020;1(5):¢200510. doi:10.1001/jamahealthfo-
rum.2020.0510

Hornsey MJ, Finlayson M, Chatwood G, Begeny CT. Donald
Trump and vaccination: the effect of political identity, con-
spiracist ideation and presidential tweets on vaccine hesi-
tancy. J Exp Soc Psychol. 2020;88:103947. doi:10.1016/j.
jesp.2019.103947

. Wood S, Schulman K. Beyond politics—promoting COVID-19

vaccination in the United States. N Engl J Med. 2021;384:¢23.
doi:10.1056/NEJMms2033790

Cui Z, Heal G, Kunreuther H, Liu L. The Political Economy
of Responses to COVID-19 in the USA. National Bureau of
Economic Research; 2021.

. Chernozhukov V, Kasahara H, Schrimpf P. Causal impact of

masks, policies, behavior on early COVID-19 pandemic in the
US. J Econometrics. 2021;220(1):23-62. doi:10.1016/j.jeco-
nom.2020.09.003

Institute of Medicine Committee for the Study of the Future
of Public Health. The Future of Public Health. National
Academies Press; 1988.

Committee on Public Health Strategies to Improve Health,
Institute of Medicine. For the Public’s Health: Investing in a
Healthier Future. National Academies Press; 2012.

DeSalvo KB, Wang YC, Harris A, Auerbach J, Koo D,
O’Carroll P. Public Health 3.0: a call to action for public health
to meet the challenges of the 21st century. Prev Chronic Dis.
2017;14:E78. doi:10.5888/pcd14.170017

Mays GP, Smith SA. Geographic variation in public
health spending: correlates and consequences. Health Serv
Res. 2009;44(5 part 2):1796-1817. doi:10.1111/j.1475-
6773.2009.01014.x

Mays GP, Smith SA. Evidence links increases in public
health spending to declines in preventable deaths. Health
Aff (Millwood). 2011;30(8):1585-1593. doi:10.1377/hlthaff.
2011.0196

Mays GP, Mamaril CB, Timsina LR. Preventable death rates
fell where communities expanded population health activi-
ties through multisector networks. Health Aff (Millwood).
2016;35(11):2005-2013. doi:10.1377/hlthaff.2016.0848
Mays GP, Mamaril CB. Public health spending and Medicare
resource use: a longitudinal analysis of US communities. Health
Serv Res. 2017;52(suppl 2):2357-2377. doi:10.1111/1475-
6773.12785

Mays GP, Scutchfield FP. National Longitudinal Survey of
Public Health Systems (NALSYS), [United States], 1998-2018
(ICPSR 23420). Inter-University Consortium for Political and
Social Research; 2020. Accessed August 17, 2020. https://doi.
org/10.3886/ICPSR23420.v4

Center for Systems Science and Engineering (CSSE) at Johns
Hopkins University. COVID-19 data repository. Accessed August
17, 2020. https://github.com/CSSEGISandData/COVID-19
Mays GP, Scutchfield FD, Bhandari MW, Smith SA.
Understanding the organization of public health delivery sys-
tems: an empirical typology. Milbank Q. 2010;88(1):81-111.
doi:10.1111/5.1468-0009.2010.00590.x

Mays GP, Smith SA, Ingram RC, Racster LJ, Lamberth
CD, Lovely ES. Public health delivery systems: evidence,
uncertainty, and emerging research needs. Am J Prev Med.
2009;36(3):256-265. doi:10.1016/j.amepre.2008.11.008

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Health Resources & Services Administration. Data down-
loads. Area health resource files. 2018-2019 County level data.
Accessed August 26, 2020. https://data.hrsa.gov/data/download
Centers for Disease Control and Prevention. CDC WONDER.
About underlying cause of death, 1999-2020. Accessed August
26, 2020. https://wonder.cdc.gov/ucd-icd10.html

DuR-H, Liang L-R, Yang C-Q, et al. Predictors of mortality for
patients with COVID-19 pneumonia caused by SARS-CoV-2:
a prospective cohort study. Eur Respir J. 2020;55(5):2000524.
doi:10.1183/13993003.00524-2020

Johns Hopkins Coronavirus Resource Center. Mortality analy-
ses. Mortality in the most affected countries. Accessed August
17, 2020. https://coronavirus.jhu.edu/data/mortality

2016 Presidential election results. The New York Times. August
9,2017. Accessed August 26, 2020. https://www.nytimes.com/
elections/2016/results/president

List of governors of the American states—Ballotpedia.
Accessed August 26, 2020. https://ballotpedia.org/List_of
governors_of the American_states

The Atlantic Monthly Group. The COVID Tracking Project.
Data API. Accessed August 26, 2020. https://covidtracking.
com/data/api

US Census Bureau. County population totals: 2010-2019.
Datasets. Last revised October 8, 2021. Accessed August 26,
2020. https://www.census.gov/data/tables/time-series/demo/
popest/2010s-counties-total.html

Neelon B, O’Malley AJ, Smith VA. Modeling zero-modified
count and semicontinuous data in health services research part
2: case studies. Stat Med. 2016;35(27):5094-5112. doi:10.1002/
sim.7063

Smith VA, Preisser JS, Neelon B, Maciejewski ML. A mar-
ginalized two-part model for semicontinuous data. Stat Med.
2014;33(28):4891-4903. doi:10.1002/5im.6263

Baccini L, Brodeur A, Weymouth S. The COVID-19 pan-
demic and the 2020 US presidential election. J Popul Econ.
2021;34(2):739-767. doi:10.1007/s00148-020-00820-3

Miller CA, Moore KS, Richards TB, Monk JD. A proposed
method for assessing the performance of local public health
functions and practices. Am J Public Health. 1994;84(11):1743-
1749. doi:10.2105/ajph.84.11.1743

Stokes AC, Lundberg DJ, Bor J, Elo IT, Hempstead K, Preston SH.
Association of health care factors with excess deaths not assigned
to COVID-19 in the US. JAMA Netw Open. 2021;4(9):¢2125287.
doi:10.1001/jamanetworkopen.2021.25287

Kadri SS, Sun J, Lawandi A, et al. Association between case-
load surge and COVID-19 survival in 558 U.S. hospitals, March
to August 2020. Ann Intern Med. 2021;174(9):1240-1251.
doi:10.7326/M21-1213

Davis MV, Mays GP, Bellamy J, Beve CA, Marti C. Improving
public health preparedness capacity measurement: develop-
ment of the Local Health Department Preparedness Capacities
Assessment Survey. Disaster Med Public Health Prep.
2013;7(6):578-584. doi:10.1017/dmp.2013.108

Infrastructure Investment and Jobs Act. H.R. 3684. 117th
Congress (2021-2022). August 16, 2021. Accessed September
10, 2021. https://www.congress.gov/bill/117th-congress/house-
bill/3684

Centers for Disease Control and Prevention. Strengthening
U.S. public health infrastructure, workforce, and data systems.
March 8, 2022. Accessed March 26, 2022. https://www.cdc.
gov/workforce/resources/infrastructuregrant/index.html


https://doi.org/10.3886/ICPSR23420.v4
https://doi.org/10.3886/ICPSR23420.v4
https://github.com/CSSEGISandData/COVID-19
https://data.hrsa.gov/data/download
https://wonder.cdc.gov/ucd-icd10.html
https://coronavirus.jhu.edu/data/mortality
https://www.nytimes.com/elections/2016/results/president
https://www.nytimes.com/elections/2016/results/president
https://ballotpedia.org/List_of_governors_of_the_American_states
https://ballotpedia.org/List_of_governors_of_the_American_states
https://covidtracking.com/data/api
https://covidtracking.com/data/api
https://www.census.gov/data/tables/time-series/demo/popest/2010s-counties-total.html
https://www.census.gov/data/tables/time-series/demo/popest/2010s-counties-total.html
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://www.cdc.gov/workforce/resources/infrastructuregrant/index.html
https://www.cdc.gov/workforce/resources/infrastructuregrant/index.html

