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ABSTRACT 
 

Disparities in COVID-19 Vaccination Booster Coverage among Healthcare Personnel (HCP) in 
Urban, Suburban, and Rural Long-Term Care Facilities (LTCF), National Healthcare Safety 

Network (NHSN), United States, January 2022 – March 2022 
 
 

By 
 

George E. Segovia 
 

May 2, 2023 
 
 

As of March 2022, only 47% of healthcare personnel (HCP) in U.S. long-term care 
facilities (LTCFs) have received a COVID-19 booster dose, despite having access to the booster 
two months before the general population. The slower uptake of COVID-19 boosters among 
HCP may result from vaccine hesitancy and socioeconomic challenges, which are factors that 
vary across urbanicity. As previous studies have found lower completion of primary COVID-19 
vaccine series among rural communities, it is important to examine if booster uptake vary among 
HCP, which could help inform where strategies to increase booster uptake are most needed. 
Using COVID-19 booster data from CDC’s National Healthcare Safety Network (NHSN), we 
quantified the urbanicity (urban, suburban, rural) disparities of HCP booster coverage in LTCFs 
(n=14,380) between January and March 2022 and examined if these urbanicity disparities vary 
by proportions of uninsured individuals of the counties where LTCFs are located. A generalized 
estimating equations (GEE) model was used to obtain prevalence ratios (PR) and 95% 
confidence intervals (CI) for comparisons of the average percentage of HCP booster dose by 
urbanicity. Urban LTCFs had higher HCP booster coverage for all reporting weeks than rural 
LTCFs (PR: 1.24, 95% CI: 1.21, 1.26), with differences becoming larger across the study period. 
When stratified by county-level uninsured proportions, the urbanicity disparity persists among 
low and moderate strata. While there was no urbanicity disparity in HCP booster uptake found 
among LTCFs located in counties with high percentages of uninsured individuals, HCP booster 
coverage was lower than the national average for these facilities. With the end of the federal 
COVID-19 emergency declarations in May 2023, there may be additional barriers to accessing 
COVID-19 boosters for the uninsured, potentially worsening HCP booster uptake and widening 
coverage disparities if unaddressed. Initiatives to increase booster dose coverage should be 
highly prioritized among HCP in rural LTCFs and all LTCFs located in counties with high 
proportions of uninsured individuals to reduce booster disparities.   
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Chapter I - Introduction 
 
 Healthcare personnel (HCP) and residents of long-term care facilities (LTCFs) in the 

United States (U.S.) have been disproportionately affected by the COVID-19 pandemic. As of 

January 2022, LTCF residents and HCP constitute at least 23% of all COVID-19 deaths in the 

United States (Chidambaram, 2022). In September 2021, the U.S. Food and Drug Administration 

(FDA) authorized the first booster dose of COVID-19 vaccine to enhance protection against 

emerging COVID-19 variants after completion of primary series vaccination. High-risk 

individuals aged 65 years and older and individuals ages 18-64 years who experience frequent 

occupational exposure to COVID-19 were given precedence for booster dose vaccination (FDA, 

2021b). Correspondingly, HCP in LTCFs were among the first groups eligible to receive a 

booster dose. Despite having earlier access to COVID-19 booster doses, booster uptake among 

HCP in LTCFs has been slower than that of the general population. Across approximately 14,700 

U.S. LTCFs that report COVID-19 vaccination data to the Centers for Disease Control and 

Prevention (CDC), 47% of HCP have received a COVID-19 booster as of March 2022 (CDC, 

2023c). For comparison, 46% of the general population have received a COVID-19 booster dose 

as of March 2022 (CDC, 2023a), despite having access to a COVID-19 booster dose two months 

after the HCP population on November 2021 (FDA, 2021c). The gradual increase in HCP 

COVID-19 booster dose coverage may reflect vaccine hesitancy patterns that have been 

documented among HCP (Pal et al., 2021). Moreover, as vaccination rates differ across the 

urban-rural spectrum in the general population (Sun & Monnat, 2021), little is known if these 

geographic disparities are also present in HCP booster dose coverage.  

            Historically, rural communities are at higher risk of morbidity and mortality from 

numerous illnesses and health conditions than urban communities (FDA, 2021a). One of the 
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contributors to urban-rural health disparities is health insurance enrollment, as rural residents are 

more likely to be uninsured and reluctant to seek medical services as a result (Ziller et al., 2012). 

Importantly with these existing differences, COVID-19 vaccination uptake has also been lower 

in rural areas. In a study that analyzed individuals ages five years and older who received their 

first dose of COVID-19 vaccine as of January 2022, those residing in rural counties had lower 

first-dose vaccination coverage (58.5%) than those residing in urban counties (75.4%) (Saelee et 

al., 2022). If not addressed, the urban-rural differences in COVID-19 primary series vaccination 

may persist and potentially widen as subsequent booster doses become available. Considering 

the slow COVID-19 booster dose uptake observed among HCP, it is imperative to examine 

whether booster dose uptake differs across urban, suburban, and rural LTCFs, which would be 

instrumental in informing where programs for improving vaccine uptake are most needed. Thus, 

this study aimed to quantify the urbanicity (urban, suburban, rural) disparities of HCP COVID-

19 booster coverage in LTCFs over time and examine if these differences vary by proportions of 

uninsured individuals in the counties where LTCFs reside. 
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Chapter II - Literature Review 
 
COVID-19 Transmission in LTCFs  

  The LTCF setting is critical in relation to COVID-19, as the virus can be easily 

transmitted in communities where individuals are unable to socially distance themselves. For 

example, nearly 94% of U.S. LTCFs experienced more than one COVID-19 outbreak between 

May 2020 and January 2021, with 85% of LTCFs experiencing an outbreak lasting five or more 

weeks (Li, 2022). A separate study that examined U.S. COVID-19 cases during the emergence of 

the Delta variant of COVID-19 found that cases among nursing homes increased by 440% (from 

9,000 to 48,800), whereas cases among the general population increased by 224% (from 1.3 

million to 4.2 million) between July and August 2021 (Chidambaram & Garfield, 2021). The 

drastic increase of COVID-19 cases in LTCFs compared to the general population is alarming, 

especially when considering the outbreaks that have disproportionally affected LTCFs. The rapid 

spread of COVID-19 underscores the need for increased prevention measures in LTCFs. 

 
Low COVID-19 Vaccination Uptake among HCP in LTCFs 

Vaccination against COVID-19 continues to be one of the most effective ways to prevent 

the spread of the virus, and is especially important for individuals who live in LTCFs (CDC, 

2022b). However, even a few unvaccinated individuals in a congregate setting may pose a 

considerable risk of COVID-19 infection among the vaccinated. For instance, a LTCF in 

Kentucky experienced a COVID-19 outbreak due to transmission from an unvaccinated 

healthcare worker, despite 90.4% of residents having completed their primary vaccination series 

(Cavanaugh et al., 2021). Consequently, eighteen residents and four HCP who were fully 

vaccinated were infected with COVID-19. Any unvaccinated healthcare worker could pose 

COVID-19 transmission risk for all vaccinated residents and HCP as shown in this example, 
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which is a significant concern as only 52.6% of HCP in the Kentucky LTCF completed their 

COVID-19 primary vaccination series before the outbreak (Cavanaugh et al., 2021). While 

campaigns such as the Federal Pharmacy Partnership for Long-Term Care Facilities have helped 

to increase HCP primary series vaccination coverage, COVID-19 booster coverage among HCP 

in LTCFs is low (Gharpure, 2021). In a COVID-19 outbreak at a New Jersey LTCF where three 

residents died on January 2022, none of the HCP received a booster dose (Li, 2022). Faster 

transmission of emerging COVID-19 variants, compounded with the degree of close contact 

between HCP and residents, emphasizes the necessity to identify factors contributing to the low 

COVID-19 booster dose uptake among HCP in LTCFs. 

 
Vaccine Hesitancy among HCP 

 Vaccine hesitancy is a prevalent issue well-documented in for contributing to the low 

COVID-19 vaccination coverage observed among HCP in LTCFs (Biswas et al., 2021) (Lee, 

2021). A systematic review of 35 international studies found that 22.5% of the literature HCP 

(n=76,417) worldwide expressed hesitancy in receiving a COVID-19 vaccine (Biswas et al., 

2021). The common reasons for vaccine hesitancy among HCP include safety and efficacy 

concerns, mistrust of the government, and the violation of personal rights (Peterson et al., 2022). 

Additionally, researchers have found an association between political affiliation and vaccine 

hesitancy among HCP. A study conducted in Chicago has found that 48.4% of HCP that 

identified with the Republican party did not intend to be vaccinated compared to 18.7% of HCP 

that identified with the Democratic party (Toth-Manikowski, 2022). Vaccine hesitancy has also 

been shown to differ between urban and rural communities. For instance, a survey from the 

Kaiser Family Foundation revealed that adults in rural areas were approximately twice as likely 

to report they will “definitely not” receive a COVID-19 vaccine than adults in urban areas 
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(Sparks, Hamel, et al., 2021). Ultimately, greater vaccine hesitancy in rural areas than urban 

areas may lead to important differences in HCP COVID-19 vaccine uptake. As studies have 

shown that HCP vaccine hesitancy toward primary COVID-19 vaccine series persists for booster 

doses (Farah et al., 2023), it is vital to understand if there is a geographic difference in HCP 

booster coverage among LTCFs for targeted outreach. 

 
Urban vs. Rural Comparisons of COVID-19 Vaccination Uptake  

 Numerous studies have documented geographic location as a significant factor in health 

disparities, and a specific population of concern is the rural community (CDC, 2017). Rural 

populations frequently experience worse health events than urban populations due to higher rates 

of poverty, less access to healthcare, and less likelihood of having health insurance (CDC, 2017). 

As a result of these factors, studies have uncovered key differences in COVID-19 vaccination 

uptake when comparing urban and rural areas. A U.S. study conducted in August 2021 found 

that 45.8% of adults in rural counties were fully vaccinated compared to 59.8% of adults in urban 

counties (Sun & Monnat, 2021). A separate analysis conducted in January 2022 found that across 

U.S. counties, 48% of rural residents were fully vaccinated as opposed to 61% of urban counties 

(USDA, 2022). The urban-rural disparities in COVID-19 primary vaccine uptake present in the 

general population are concerning, as they may possibly present similar uptake patterns among 

HCP. Researchers have reported that HCP surrounded by COVID-19-vaccinated colleagues and 

community members are more willing to receive a vaccine due to increased confidence in the 

vaccine’s safety and efficacy (Harrison et al., 2021). Accordingly, LTCFs in urban areas may 

have higher HCP COVID-19 booster dose coverage than LTCFs located in rural areas based on 

current vaccination uptake differences. However, no study to date has compared the urban and 

rural differences in COVID-19 vaccination booster coverage among HCP in the LTCF setting.  
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 The limited studies that have assessed COVID-19 booster dose coverage among the 

general population have shown inconclusive results. A U.S. survey on November 2021 found 

that 14% of adults living in rural areas had received a COVID-19 booster dose compared to 18% 

of adults from urban areas (Sparks, Hamel, et al., 2021). Additionally, a study performed 

between December 2020 and January 2022 among the general population found similar booster 

vaccination uptake among urban (50.4%) and rural (49.7%) counties (Saelee et al., 2022). 

Notably, these studies were conducted around the time when the FDA authorized the first 

COVID-19 booster dose for all individuals 18 years and older (November 2021), therefore the 

data may have been limited due to the short period of time after the boosters became available 

(FDA, 2021c). As research has shown that vaccination disparities increase over time (Saelee et 

al., 2022), longitudinal studies that measure COVID-19 booster uptake are necessary.  

 
The Need to Study COVID-19 Vaccination Uptake in Suburban Communities 

Suburban areas are referred to as municipalities with more than 2,500 people in a 

Metropolitan Statistical Area (MSA) that are located outside of principal cities, although this 

definition has varied across research (Schnake-Mahl & Sommers, 2017). While much of the 

literature regarding COVID-19 disparities has focused on urban and rural populations, suburban 

populations are understudied. In general, suburban populations are often under-reported in the 

literature as they are typically grouped within urban categories. However, substantial statistics 

have emerged that warrant exploration of suburban communities independently from urban areas 

(Schnake-Mahl & Sommers, 2017). Due to the recent population shift in the U.S. where an 

increasing number of urban residents are relocating to suburban areas, an estimated 49% of the 

U.S. population lives in suburbia (L’Heureux Lewis-McCoy et al., 2023). With nearly half of 

Americans now living in suburban areas, poverty has emerged as a health threat in these 
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communities. According to the 2020 U.S. Census Bureau, 16.2 million individuals live below the 

federal poverty line in suburban neighborhoods, compared to 15.1 million in urban 

neighborhoods (Shrider et al., 2021).   

Poverty has profound implications on health, especially on the availability of healthcare 

services. Evidence shows that after accounting for poverty rates, healthcare services and 

infrastructures primarily serving the low-income population are scarce in suburban areas 

(Schnake-Mahl & Sommers, 2017). Moreover, among affluent suburban communities with 

abundant healthcare services, research indicates that more physicians practicing in suburban 

areas are less willing to treat uninsured and Medicaid recipients than physicians practicing in 

urban areas (Felland et al., 2009). Poverty coupled with limited public transportation systems in 

suburban neighborhoods (Schnake-Mahl & Sommers, 2017) creates unique barriers to healthcare 

that require different solutions than urban and rural areas. The barriers to healthcare for persons 

experiencing poverty in suburban communities may have considerably limited the uptake of 

COVID-19 booster doses in this population and widened the booster coverage differences across 

the urban-rural spectrum. Nonetheless, little to no research provides insight into COVID-19 

booster uptake in the suburban population. While poverty and insufficient access to healthcare 

may not be factors that affect HCP, measuring HCP COVID-19 booster coverage can provide an 

initial understanding of vaccine uptake among suburban communities and render a more 

extensive analysis of urbanicity disparities.  

 
Accounting for Health Insurance in COVID-19 Vaccination Coverage Disparities 

Although COVID-19 vaccines are free of charge to Americans, cumulative studies have 

shown that health insurance status is associated with COVID-19 vaccination rates. A national 

survey in May 2021 found that Americans under 65 without health insurance comprise 25% of 
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the COVID-19 unvaccinated population (Sparks et al., 2021). A separate study using data from 

the Household Pulse Survey between May and July 2021 revealed that 59.2% of uninsured 

individuals, compared to 80.8% of insured individuals, received at least one dose of the COVID-

19 vaccine (Steege et al., 2022). The lower vaccination uptake observed among the uninsured 

has also persisted in COVID-19 booster doses, as a report found lower booster uptake among 

adults without health insurance (Lu et al., 2023). Surprisingly, a considerable amount of HCP 

were also found to be uninsured (approximately 600,000) based on a 2018 American Community 

Service (Price, 2020). Based on the presented evidence, the large number of uninsured HCP may 

have a significant role in the uptake of the COVID-19 booster dose.  

Studies have also documented different health insurance coverage across U.S. geographic 

counties, which may be important to consider in describing urbanicity disparities of COVID-19 

vaccination coverage. Researchers have found higher COVID-19 vaccination rates in U.S. 

counties with higher health insurance coverage among residents (Hu et al., 2022). Furthermore, 

studies have shown that there are higher proportions of uninsured individuals living in rural and 

suburban counties than urban counties (Schnake-Mahl & Sommers, 2017) (Murthy et al., 2021). 

Nonetheless, little is known whether health insurance impacts urban-rural disparities in COVID-

19 vaccination coverage, especially among HCP in LTCFs. Therefore, to better comprehend the 

disparities in COVID-19 booster coverage across urban, suburban, and rural areas, there is a 

need to account for health insurance status. 

 
Overall Study Objectives  
 

The overarching objective of this study sought to describe the COVID-19 booster dose 

vaccination rate among HCP in LTCFs by urbanicity and by insurance status of the facility’s 
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county to complement the current literature which mainly focuses on primary vaccination series. 

Our study had the following specific aims and corresponding hypotheses:  

Aim 1: To compare the COVID-19 booster dose coverage among HCP in urban, suburban, and 

rural LTCFs and describe how they change over time. 

Hypothesis 1: COVID-19 booster coverage among HCP will be lowest in rural LTCFs 

and highest in urban LTCFs throughout the study period, and urbanicity disparities in 

COVID-19 booster coverage among HCP will widen over time. 

Aim 2: To examine the extent of differences between urban, suburban, or rural LTCFs regarding 

HCP booster dose uptake by the proportion of health insurance coverage in the LTCF’s county 

of residence.  

Hypothesis 2: Urbanicity differences in COVID-19 booster coverage among HCP will be 

most apparent in LTCFs located in counties with a high proportion of uninsured 

individuals, and the differences will be smaller in LTCFs located in counties with a low 

proportion of uninsured individuals. 
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Chapter III - Methods and Procedures 
 

Data Source  

 Our study cohort was established using HCP COVID-19 vaccination data from CDC’s 

National Healthcare Safety Network (NHSN) (CDC, 2022a). In December 2020, COVID-19 

vaccination modules were introduced in NHSN to allow U.S. LTCFs to voluntarily report 

facility-level COVID-19 vaccination data on HCP. However, since May 2021, an interim final 

rule published by the Centers for Medicare and Medicaid Services (CMS) made it mandatory for 

CMS-certified LTCFs (n=15,382) to report weekly COVID-19 vaccination data to NHSN 

(Center for Clinical Standards and Quality/Quality, Safety & Oversight Group, 2021). LTCFs 

self-report cumulative weekly COVID-19 vaccination data on the following HCP: all staff 

employed directly by the facility, licensed independent practitioners (physicians, advanced 

practice nurses, and physician assistants), adult students/trainees and volunteers, and other 

contract personnel (CDC, 2022a). 

 
Study Population 

Our study considered all active CMS-certified LTCFs that were required to report weekly 

for inclusion. HCP were included in the study if they completed their primary COVID-19 

vaccine series per the eligibility requirements to receive a booster dose. Complete COVID-19 

primary series vaccination was defined as receiving dose 1 and dose 2 of COVID-19 vaccines 

requiring two doses for completion or one dose of COVID-19 vaccine requiring one dose of 

completion (CDC, 2022a). COVID-19 booster dose was defined as a dose of COVID-19 vaccine 

that is administered after completion of primary COVID-19 vaccine series. In addition, we only 

included HCP who worked at the LTCF for at least one day during a week of data collection. 
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Since the outcome of interest of this study is the HCP coverage of the first booster dose 

of COVID-19 vaccine among LTCFs authorized by the FDA in September 2021 (FDA, 2021b), 

the study period was restricted to January 3, 2022 to March 27, 2022 to prevent influences of the 

second booster dose approved by the FDA on March 29, 2022 (FDA, 2022a). Accordingly, each 

LTCF included in this study had twelve repeated measurements of the HCP percentage who 

received the first booster dose, corresponding to the twelve reporting weeks of the study period. 

We adopted the following exclusion criteria to ensure the reporting data quality during the study 

period. We first excluded LTCFs (n=195) that did not report any COVID-19 vaccine data for 

weeks in January through March 2022. Then, 584 LTCFs were excluded for not reporting 

COVID-19 vaccination data during all twelve weeks of the study. A total of 58 LTCFs were also 

excluded for reporting at least once that no HCP worked at the facility for a given reporting 

week. This exclusion criterion was established to remove any LTCFs that may skew the data due 

to temporary facility closures or other service interruptions. Moreover, the mean number of HCP 

that have worked at the facility across the twelve reporting weeks was calculated for each LTCF 

to use as a basis of comparison. If a LTCF reported a number of HCP who worked at the facility 

that was 50% less than or greater than the mean for more than one reporting week, they were 

excluded from the study. As a result, a total of 137 LTCFs were removed from the study. This 

exclusion aimed to remove the LTCFs that may have experienced a significant decrease in HCP 

due to staff shortages or a significant increase in HCP due to the assistance of temporary staff 

during medical surges. An additional 28 LTCFs located in Puerto Rico (5), Guam (1), Alaska 

(4), New York (1), Oregon (1), and Washington DC (16) were removed from the study as they 

did not have a corresponding county-level FIPS code in the NCHS Urban-Rural Classification 

Scheme or the CDC/ATSDR Social Vulnerability Index datasets. After all exclusions, there were 
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172,560 observations from 14,380 U.S. LTCFs in the final NHSN LTCF HCP dataset of this 

study. The study proposal was reviewed and approved by the Research Ethics Board of Georgia 

State University (appendices).  

 
Exposure and Outcome Measurement  

This study's main exposure of interest is urbanicity status according to the LTCF's 

location (urban vs. suburban vs. rural), which was obtained from the 2013 NCHS Urban-Rural 

Classification Scheme. The NCHS Urban-Rural Classification Scheme classifies all U.S. 

counties into six levels: four for metropolitan counties and two for nonmetropolitan counties 

(Ingram & Franco, 2014). Using county-level Federal Information Processing System (FIPS) 

codes, the Urban-Rural Classification Scheme dataset was merged with the NHSN LTCF HCP 

dataset, linking LTCFs to one of six categories from the Urban-Rural Classification Scheme 

based on their county of residence. We further categorized county-level urbanicity into three 

levels: urban (large central metropolitan and large fringe metropolitan counties), suburban 

(medium metropolitan and small metropolitan counties), and rural (micropolitan and non-core 

counties). Therefore, all LTCFs were assigned to either the urban, suburban, or rural category in 

the final dataset. The outcome of interest was defined as the percentage of staff that have 

received the first COVID-19 booster dose among HCP who have completing their primary 

COVID-19 vaccine series. 

 
Covariates 

The Social Vulnerability Index (SVI) provides county-level rankings using percentiles 

ranging from 0-1 that indicate a county’s relative social vulnerability for different demographic 

and socioeconomic variables (CDC/ATSDR, 2020). The SVI dataset was merged with the 
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NHSN LTCF HCP dataset by FIPS codes of the LTCF’s county. Based on the literature, we 

identified four important variables from the SVI index: no health insurance (uninsured), living 

below the 150% federal poverty line, no high school (HS) diploma, and no household vehicle 

ownership. Each SVI variable was categorized into three levels based on tertiles calculated from 

the distribution of SVI ranking scores of the LTCFs: (1) No health insurance: LTCFs with a low 

percentile ranking (0.01-0.24) for the percentage of uninsured individuals in their residing county 

were assigned to the low uninsured vulnerability level, LTCFs with a moderate percentile 

ranking (0.25-0.56) were assigned to the moderate uninsured vulnerability level, and LTCFs with 

a high percentile ranking (0.57-0.99) were assigned to the high uninsured vulnerability level. (2) 

Living below the 150% Federal Poverty Line: Low Poverty Vulnerability Level (0.01-0.25); 

Moderate Poverty Vulnerability Level (0.26-0.53); High Poverty Vulnerability Level (0.54-

0.99); (3) No HS Diploma: Low Absence of HS Education Vulnerability Level (0.01-0.30); 

Moderate Absence of HS Education Vulnerability (0.31-0.57); High Absence of HS Education 

Vulnerability (0.58-0.99). (4) No Vehicle: Low Absence of Transportation Vulnerability Level 

(0.01-0.46); Moderate Absence of Transportation Vulnerability Level (0.47-0.77); High Absence 

of Transportation Vulnerability Level (0.78-0.99). Correspondingly, all LTCFs were assigned to 

a vulnerability level for each SVI covariate according to the percentile ranking received by their 

county of residence. 

 
Statistical Analyses 

A descriptive analysis was conducted to first describe the characteristics of the LTCFs 

based on the urbanicity and the four SVI variables. The weekly average percentage of HCP that 

have received a booster dose was also calculated for urban, suburban, and rural LTCFs to 

describe the differences in booster dose coverage over time during the study period. A 
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generalized estimating equations (GEE) model was constructed to obtain prevalence ratios and 

95% confidence intervals for all pairwise comparisons of the average percentage of HCP booster 

dose coverage by urbanicity (Suburban LTCFs vs. Rural LTCFs, Urban LTCFs vs. Rural LTCFs, 

and Urban LTCFs vs. Suburban LTCFs) (Zeger et al., 1988). A GEE model was chosen to 

consider the correlations among the twelve repeated measurements of the percentage of COVID-

19-boosted HCP reported from the same LTCF.  

The GEE model was specified with a negative binomial distribution, a log link function, 

and numbers of weekly eligible HCP as the offset to model the over-dispersed count outcome 

variable; the mean number of HCP that have received a COVID-19 booster dose was less than its 

variance. An autoregressive (AR1) correlation matrix structure was specified for the GEE model 

as measurements reported for consecutive weeks were more correlated than measurements 

reported several weeks apart. We further calculated the pairwise correlation coefficients among 

the three prespecified SVI variables (living below the 150% federal poverty line, no high school 

diploma, and no vehicle). High correlations were found among the three covariates; therefore, 

living below the 150% federal poverty level was the only covariate included in the GEE model. 

An adjusted GEE model that controlled for living below the 150% federal poverty line and 

reporting weeks was used to assess the interaction between urbanicity and the proportions of 

uninsured individuals. Adjusted prevalence ratios for all pairwise comparisons of the urbanicity 

variable were obtained for each uninsured vulnerability level to examine whether differences in 

HCP booster dose uptake across urban-suburban-rural LTCFs depend on uninsured vulnerability 

levels. All analyses were conducted using SAS statistical software (version 9.4; SAS Institute), 

and statistical significance was defined at an alpha level of 0.05 (two-tailed). 
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Chapter IV - Results 
 

 Among the 14,380 LTCFs included in the study, 41.5% of LTCFs were located in urban 

communities, 30.4% were in suburban communities, and 28.1% were in rural communities 

(Table 1). A majority of urban LTCFs were in counties with a low proportion of individuals 

living below the 150% federal poverty line, do not have a high school diploma, are uninsured, 

and in counties with a high proportion of households that do not own a vehicle. Most suburban 

LTCFs were in counties with a moderate proportion of individuals that do not have a high school 

diploma, are uninsured, and live in households that do not own a vehicle. Furthermore, suburban 

LTCFs were primarily in counties with a high proportion of individuals living below the 150% 

federal poverty line. In terms of rural LTCFs, most of them were located in counties with a high 

proportion of individuals that live below the 150% federal poverty line, do not have a high 

school diploma, are uninsured, and in counties with a low proportion of households that do not 

own a vehicle (Table 1). 

            Across all reporting weeks, HCP booster dose coverage was the highest for urban LTCFs 

and lowest for rural LTCFs. Weekly HCP booster dose coverage among suburban LTCFs was 

slightly higher than rural LTCFs but lower than urban LTCFs (Figure 1). Additionally, the 

differences in HCP booster dose coverage between urban, suburban, and rural LTCFs increased 

over time. At the first reporting week (January 3 – January 9, 2022), HCP booster coverage was 

similar among urban LTCFs (31.2%), suburban LTCFs (28.8%), and rural LTCFs (28.5%) 

(Table 2). However, during the last reporting week (March 21 – March 27, 2022), 52.4% of HCP 

had received a COVID-19 booster dose among urban LTCFs, followed by 44.2% of HCP among 

suburban LTCFs, and 39.5% of HCP among rural LTCFs. With small differences between urban 

and rural LTCFs (approximately 3%) early in the study period, the difference in HCP COVID-19 
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booster dose coverage between urban and rural LTCFs was nearly thirteen percent at the end of 

the study period (across twelve weeks), highlighting the widening urbanicity disparities over 

time. 

 
Unadjusted Model  

From the unadjusted GEE model that compared the average percentage of HCP booster 

dose coverage among urban, suburban, and rural LTCFs, all prevalence ratios (PR) were 

statistically significant (Table 3). Compared to the rural LTCFs, a 24% increase (PR: 1.24, 95% 

confidence interval (CI): 1.21, 1.26) and an 8% increase (PR: 1.08, 95% CI: 1.05, 1.10) in the 

average percentage of HCP that have received a booster dose were found in urban LTCFs and 

suburban LTCFs, respectively. Urban LTCFs showed higher booster dose coverage than 

suburban LTCFs (PR: 1.15, 95% CI: 1.12, 1.17).  

 
Adjusted Model with Interaction  

To further examine whether county-level uninsured proportions modified urbanicity 

disparities on HCP booster coverage, we included the interaction term between urbanicity and 

county-level uninsured proportions in a GEE model that also adjusted for county-level 

proportion of living below the 150% federal poverty line and reporting weeks. We found the 

interaction term was statistically significant (p<.0001).  

 Among LTCFs located in counties with a low proportion of uninsured individuals, 

compared to rural LTCFs, HCP booster dose coverage in suburban LTCFs (PR: 1.11, 95% CI: 

1.07, 1.15) and urban LTCFs (PR: 1.14, 95% CI: 1.10, 1.18) were significantly higher. Among 

LTCFs located in counties with a moderate proportion of uninsured individuals, urban LTCFs 

have higher HCP booster dose coverage when compared to rural LTCFs (PR: 1.24, 95% CI: 

1.20, 1.28) and suburban LTCFs (PR: 1.23, 95% CI: 1.19, 1.27), respectively. The HCP booster 
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dose coverages were similar and there were no statistically significant prevalence ratios for any 

urbanicity comparisons among the high uninsured proportion strata (Table 3). Figure 2 displays 

the weekly average HCP booster coverage by reporting weeks among urban, suburban, and rural 

LTCFs, stratified by county-level uninsured proportions. The extent of the urbanicity disparities 

in HCP booster dose coverage varied by county-level proportions of uninsured individuals across 

the entire study period.  
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Chapter V - Discussion 
 
Our study found lower HCP booster dose coverage among suburban and rural LTCFs 

than urban LTCFs for all weeks between January and March 2022. The urbanicity disparities in 

HCP COVID-19 booster coverage also increased throughout the study. When stratified by 

county-level uninsured proportions, the urbanicity disparities persist among the low and 

moderate uninsured strata. No urbanicity disparities were found among LTCFs located in 

counties with high percentages of uninsured individuals; however, HCP booster coverage among 

these facilities was lower than the national HCP booster coverage among LTCFs. As emerging 

COVID-19 variants elevate the risk of COVID-19-related illness, it is imperative for HCP in 

LTCFs to receive COVID-19 boosters to protect the populations they serve. 

The urban-rural differences in socioeconomic indicators presented in this study were 

consistent with the literature (CDC, 2017). Urban LTCFs were frequently located in counties 

with low proportions of individuals that live below the 150% poverty line, are without a school 

diploma, and are uninsured. The opposite was true for rural LTCFs, as they were primarily 

located in counties with high proportions of individuals who live below the 150% federal poverty 

line, have no high school diploma, and are uninsured. Although federal policies and strategies 

have been implemented in recent years to reduce the socioeconomic differences between urban 

and rural areas (Whitman et al., 2022), these discrepancies persist in the present, as shown by our 

study that analyzed more contemporary data. Our study results of low HCP COVID-19 booster 

coverage found among rural LTCFs also serve as an example of poor preventive health behaviors 

among rural communities that have been consistently documented in the literature. Throughout 

our study period, rural LTCFs had consistently lower HCP COVID-19 booster uptake than urban 

LTCFs, which is similar to the urban-rural disparities in primary COVID-19 vaccine series 
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among the general population. Since similar urban-rural differences in COVID-19 vaccine 

uptake were observed in both HCP and the general population, future studies are warranted to 

focus on examining if socioeconomic vulnerability can explain these urban-rural disparities. 

A majority of suburban LTCFs were in counties with high proportions of individuals 

living below the 150% federal poverty level, supported by previous studies that have reported 

higher poverty rates among suburban communities (Shrider et al., 2021). Furthermore, our study 

contributes to the growing literature calling for the separation of suburban communities from 

urban communities in research (Schnake-Mahl & Sommers, 2017). There was an approximately 

eight percent difference in HCP booster dose coverage between urban and suburban LTCFs at 

the end of the study period. This distinct difference could have been masked if suburban areas 

were grouped with urban areas in the analyses. Thus, further exploration is needed to identify the 

factors that are contributing to lower COVID-19 booster uptake among suburban. 

In addition to the socioeconomic disadvantages that rural communities encounter, 

vaccine hesitancy may be one of the possible reasons that explain the lower HCP COVID-19 

booster coverage among rural LTCFs in this study. Researchers have suggested that the low 

COVID-19 vaccine uptake in rural areas may be explained by higher rates of vaccine hesitancy 

in rural areas (Kirzinger et al., 2021). Considering the high rates of COVID-19 vaccine hesitancy 

documented in the HCP population (Gu et al., 2022), it is likely that vaccine hesitancy has a role 

in the low HCP booster coverage observed among rural LTCFs. A previous study has found HCP 

who were hesitant to receive primary COVID-19 vaccination were just as reluctant to receive 

their COVID-19 booster dose (Farah et al., 2023). Although the current study did not measure 

vaccine hesitancy among HCP, the presented evidence alludes to the importance of exploring 

whether vaccine hesitancy results in the differing HCP booster coverage among urban-rural 
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LTCFs. One study reported increased trust in COVID-19 vaccines among HCP who work or 

interact with other vaccinated HCP (Harrison et al., 2021). Therefore, initiatives to reduce HCP 

booster dose differences across urban, suburban, and rural LTCFs should consider incorporating 

interaction with vaccinated HCP to help increase overall vaccine confidence among healthcare 

staff. 

The urbanicity disparities of HCP COVID-19 booster coverage in LTCFs became wider 

as the study progressed, corroborating previous research that has also reported increasing urban-

rural vaccination uptake differences over time (Saelee et al., 2022). Urban LTCFs had higher 

weekly increases in HCP COVID-19 vaccination coverage than suburban and rural LTCFs, 

resulting in widening disparities over time. While underlying urban-rural differences in 

socioeconomics and vaccine hesitancy may have important roles in COVID-19 vaccination 

disparities, mandates may also be one of the significant factors in the observed differences. 

Although the federal mandate detailed in the CMS interim final rule has required COVID-19 

primary series vaccination for HCP in LTCFs, it has not been extended to include booster doses 

(Federal Register, 2021). Nonetheless, a Kaiser Family Foundation analysis from January 

through March 2022 found that there was a significant increase in HCP booster coverage after 

state mandates. The states of Connecticut, Massachusetts, New Jersey, New York, and California 

that mandated receipt of a booster dose among HCP reported a greater than 30 percentage point 

increase in HCP booster uptake among LTCFs between January and March 2022, compared to 

the national increase of 17 percent (Chidambaram & Musumeci, 2022). Of note, these five states 

have high proportions of their population living in urban areas (statistics in 2010, Iowa State 

University, n.d.). Researchers also found that employer-based mandates were more common in 

urban areas than rural areas (Sparks, Hamel, et al., 2021). Therefore, the higher increase in HCP 
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booster dose uptake among urban LTCFs observed in this study may reflect the impact from the 

HCP booster mandates. State leaders and employers should consider booster mandates for HCP 

in areas with a primarily suburban or rural population to increase booster uptake.  

In counties with a high proportion of uninsured individuals, the effect of urbanicity on 

HCP booster dose coverage was not statistically significant. Although no urbanicity booster 

disparities were found among LTCFs residing in counties with high uninsured proportions, we 

should be aware that the HCP booster coverage among these facilities was lower than the mean 

of overall HCP booster coverage. By the end of March 2022, LTCFs located in counties with 

high proportions of uninsured individuals reported HCP booster coverage below 35%, much 

lower than the 47% reported across all CMS-certified LTCFs (CDC, 2023c). The low HCP 

booster coverage discovered among LTCFs in the high uninsured strata is alarming, as being 

uninsured has been shown to hinder the accessibility of healthcare services (CDC, 2017). A 

previous study also found associations between uninsured status and poor access to healthcare 

services across all urbanicity levels (Ziller et al., 2012). As a result, the low HCP booster 

coverage observed among counties with high proportions of uninsured individuals may allude to 

more difficulties in accessing COVID-19 booster doses, regardless of urbanicity. As many HCP 

are uninsured (Price, 2022), initiatives to increase booster dose accessibility for HCP should be 

highly prioritized among LTCFs residing in areas of high proportions of uninsured individuals.     

 
Implications 

The Biden administration has announced that the federal public health emergency 

declaration for COVID-19 will expire on May 11, 2023 (HHS, 2023). Consequently, the 

emergency federal funds used to purchase the COVID-19 vaccines and boosters that are offered 

free of charge to Americans are in jeopardy. If the current supply of federally purchased COVID-
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19 vaccines is depleted without the necessary funds to replenish, the vaccines could become at 

risk of being commercialized (Kates et al., 2023). The commercialization of COVID-19 vaccines 

would have negative implications for the uninsured population, as it may leave them with no 

other options but to pay out-of-pocket to receive a COVID-19 booster dose. The cost would 

present an additional barrier to COVID-19 vaccination, potentially affecting millions of 

uninsured Americans. As a result, the urbanicity disparities and low HCP booster coverage found 

among the uninsured in this study may worsen and lead to increased susceptibility to future 

COVID-19 variants. The current administration has recently requested supplemental emergency 

funding to continue purchasing COVID-19 vaccine and booster doses (White House, 2022); 

however, Congress has yet to approve (Kates et al., 2023). The findings presented in this study 

can support public health leaders in advocating for the congressional support of supplemental 

federal funds to ensure COVID-19 vaccine equity for all Americans.  

Although this study focused on identifying the urbanicity disparities of booster dose 

coverage among HCP, the findings may also have implications among the general population. 

HCP are leaders in the healthcare industry and are often among the limited reliable sources of 

health information for individuals. For instance, one study reported that 86% of rural residents 

trust their healthcare providers for reliable information on COVID-19 vaccines (Kirzinger et al., 

2021). As such, HCP are among the most trusted sources of health information and have a 

critical role in vaccine acceptance among their community (Latkin et al., 2021). Researchers 

have documented higher rates of COVID-19 vaccine acceptance and uptake among individuals 

who received recommendations from healthcare workers (Finney Rutten et al., 2021). Due to 

HCP's influence on the opinions of COVID-19 vaccines, the urbanicity disparities and low 

booster coverage found among HCP may reflect current vaccine uptake patterns among the 
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general population. If HCP choose not to receive a COVID-19 booster, they are unlikely to 

recommend it to their patients, which can affect booster uptake among the community. As a 

result, booster disparities may already be prevalent among the general population due to the 

lower HCP COVID-19 booster uptake found among suburban and rural LTCFs. The HCP 

booster disparities observed among the uninsured may also lead to wider booster disparities in 

the broader population due to increased barriers to healthcare access. Therefore, increasing HCP 

booster uptake should be prioritized as a strategy that can also influence higher booster uptake 

and reduce disparities among the general population. 

 
Limitations 

 This study is subject to several limitations. First, the number of HCP that have completed 

primary COVID-19 vaccine series and the number of HCP that have received a booster dose 

were self-reported weekly by LTCFs. Consequently, there may have been data entry errors or 

inaccurate counts that could have underestimated or overestimated the HCP booster dose 

coverage among LTCFs. Second, person-level data was unavailable as LTCFs only reported 

aggregate data weekly to NSHN. As a result, HCP that worked at multiple facilities in a given 

week may have been counted more than once in calculations for average HCP booster dose 

coverage among LTCFs. Third, the NHSN LTCF dataset does not distinguish HCP that received 

an additional COVID-19 primary dose from HCP that received a COVID-19 booster dose, which 

can affect the interpretation of these findings. As counts of booster doses and additional doses 

are combined into one variable in the NHSN dataset, accurate receipt of COVID-19 booster 

doses among HCP could not be discerned. Fourth, data on facility-specific COVID-19 booster 

mandates were unavailable, therefore, we were not able to account for their effect on HCP 

booster uptake in the analyses. Lastly, the NCHS Urban-Rural Classification Scheme dataset 
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used in this study was published in 2013. The counties classified as rural in 2013 may no longer 

be rural in 2023, which could have affected this study's urbanicity classification of LTCFs. An 

update of the NCHS Urban-Rural Classification Scheme dataset will be released in 2024, which 

can provide a more contemporary view of the urbanicity disparities in COVID-19 booster dose 

coverage.   

 
Future Studies 

 The current study serves as a resource to guide the ongoing efforts that address COVID-

19 vaccine disparities among the nation and as a foundation for future research. The HCP 

population was chosen to study the uptake of the first COVID-19 booster due to more available 

data resulting from their earlier access to the booster dose. Nonetheless, as time has passed and 

more data has been collected, it is also important to monitor COVID-19 booster uptake among 

the general population and assess if booster disparities are similar to those identified in this 

study. Furthermore, studies should continue to identify discrepancies in the uptake of future 

COVID-19 booster doses. At the time of writing, the bivalent COVID-19 booster doses are being 

recommended by public health officials to protect against the Omicron COVID-19 variant (FDA, 

2022b). However, only 22% of HCP in LTCFs are up to date with COVID-19 vaccines as of 

April 2023, indicating that just one in five HCP in LTCFs have received a bivalent booster dose 

or completed primary series vaccination in the last two months (CDC, 2023b). Importantly, the 

COVID-19 bivalent booster uptake among HCP has plateaued near 22% for several months, 

signaling lower uptake of the bivalent booster dose than the first booster dose among HCP. 

Therefore, studies that aim to identify urbanicity disparities of bivalent booster coverage among 

HCP are urgently needed to help guide the implementation of strategies to increase bivalent 

booster uptake. Lastly, future studies should estimate how much of the observed urbanicity 
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disparities in HCP COVID-19 booster coverage can be explained by factors such as 

socioeconomics and vaccine hesitancy. Identifying the underlying sources that contribute to 

urbanicity disparities of HCP booster dose coverage can assist public health professionals in 

tailoring initiatives to address the most impactful factors. As the FDA has proposed a transition 

to annual COVID-19 booster doses in the near future (FDA, 2023), it is imperative to understand 

the sources of current booster differences so that action can be taken to prevent subsequent 

disparities from arising.   

 
Conclusion 

 Addressing urbanicity disparities in HCP booster uptake is critical to achieving vaccine 

equity and decreasing COVID-19-related illness and death in LTCFs. As the threat of mutating 

COVID-19 variants places residents and communities at constant risk of disease, healthcare 

leaders need to remain up to date with the latest COVID-19 vaccine. The current study identified 

urbanicity disparities and low coverage of the first COVID-19 booster dose among HCP, which 

may allude to similar issues in subsequent booster doses if unaddressed. The findings of this 

study can help inform where efforts to increase HCP COVID-19 booster coverage are most 

needed to prevent further exacerbation of disparities and ensure communities remain protected 

against emerging variants.   
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Tables and Figures 
 
Table 1. County-level SVI Characteristics of Long-Term Care Facilities by Urbanicity, United States, 
January – March 2022  

 Abbreviations: SVI, Social Vulnerability Index;  
a Low Vulnerability tertile: counties ranked between the 1st and 25th percentile for the percentage of 
individuals living below the 150% federal poverty level; Moderate: counties between 26th and 53rd 
percentile; High: counties between 54th and 99th percentile 
b Low vulnerability tertile: counties ranked between the 1st and 30th percentile for the percentage of 
individuals with no high school diploma; Moderate: counties between 31st and 57th percentile; High: 
counties between 58th and 99th percentile 
c Low vulnerability tertile: counties ranked between the 1st and 24th percentile for the percentage of 
uninsured individuals in total civilian noninstitutionalized population; Moderate: counties between 25th 
and 56th percentile; High: counties between 57th and 99th percentile 
d Low vulnerability tertile: counties ranked between the 1st and 46th percentile for the percentage of 
households with no vehicle available; Moderate: counties between 47th and 77th percentile; High: counties 
between 78th and 99th percentile 
 

 
 

SVI Characteristic 
N (%) 

 
 

Overall  

Urbanicity 

Urban Suburban Rural 
Overall 14,380 5,965 (41.5) 4,368 (30.4) 4,047 (28.1) 
Living Below 150% FPLa     

Low Vulnerability 4,742 (33.0) 2,822 (47.3) 1,205 (27.6) 715 (17.7) 

Moderate Vulnerability 4,822 (33.5) 2,099 (35.2) 1,492 (34.2) 1,231 (30.4) 

High Vulnerability 4,816 (33.5) 1,044 (17.5) 1,671 (38.3) 2,101 (51.9) 

No High School Diplomab     

Low Vulnerability 4,801 (33.4) 2,167 (36.3) 1,552 (35.5) 1,082 (26.7) 

Moderate Vulnerability 4,777 (33.2) 1,917 (32.1) 1,742 (39.9) 1,118 (27.6)  

High Vulnerability 4,802 (33.4) 1,881 (31.5) 1,074 (24.6) 1,847 (45.6) 

Uninsuredc     

Low Vulnerability 4,745 (33.0) 2,357 (39.5) 1,333 (30.5) 1,055 (26.1) 

Moderate Vulnerability 4,809 (33.4) 1,933 (32.4) 1,590 (36.4) 1,286 (31.8) 

High Vulnerability 4,826 (33.6) 1,675 (28.1) 1,445 (33.1) 1,706 (42.2) 

No Vehicled     

Low Vulnerability 4,892 (34.0) 1,913 (32.1) 1,347 (30.8) 1,632 (40.3) 

Moderate Vulnerability 4,805 (33.4) 1,549 (26.0) 1,844 (42.2) 1,412 (34.9) 

High Vulnerability 4,683 (32.6) 2,503 (42.0) 1,177 (27.0) 1,003 (24.8) 
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Table 2. Average Weekly HCP Booster Dose Coverage, by Urbanicity, United States, January – March 
2022  

Abbreviations: HCP, Healthcare Personnel 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Reporting Week 
(%) 

 
 

Overall  
(n = 14,380) 

Urbanicity 

Urban        (n 
= 5,965)   

Suburban    (n 
= 4,368) 

Rural           (n 
= 4,047) 

January 3 – January 9 29.7 31.2 28.8 28.5 

January 10 – January 16 31.2 33.2 30.0 29.7 

January 17 – January 23 32.7 34.8 31.6 30.8 

January 24 – January 30 34.1 36.7 32.8 31.7 

January 31 – February 6 35.5 38.6 33.8 32.6 

February 7 – February 13 37.0 40.5 35.5 33.3 

February 14 – February 20 40.0 44.4 38.4 35.4 

February 21 – February 27 41.4 46.2 39.6 36.2  

February 28 – March 6 42.6 48.2 40.7 36.5 

March 7 – March 13 43.8 49.8 41.8 37.2 

March 14 – March 20 44.9 50.9 42.9 38.0 

March 21 – March 27 46.3 52.4 44.2 39.5 
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Table 3. Prevalence of HCP COVID-19 Booster Dose Coverage, Comparisons among LTCFs located in 
Urban, Suburban, and Rural counties, Stratified by Uninsured Vulnerability Tertiles, United States, 
January – March 2022 

Abbreviations: CI, Confidence Interval 
a Unadjusted model  
b Adjusted model controls for time effect (reporting week) and county-level proportions of individuals 
living below the 150% Federal Poverty Line 
c Low uninsured vulnerability tertile: counties ranked between the 1st and 24th percentile for the 
percentage of uninsured individuals in the total civilian noninstitutionalized population 
d Moderate uninsured vulnerability tertile: counties between the 25th and 56th percentile for the percentage 
of uninsured individuals in the total civilian noninstitutionalized population 
e High uninsured vulnerability tertile: counties between the 57th and 99th percentile for the percentage of 
uninsured individuals in the total civilian noninstitutionalized population 
* Statistically significant using 0.05 alpha level 
 
 
 

Urban-Suburban-Rural Comparisons 
Stratified by Uninsured Vulnerability 
Tertiles 

Prevalence 
Ratio  95% CI p-value 

Overalla 
   

Suburban vs. Rural 1.08 1.05, 1.10 <.0001* 
Urban vs. Rural 1.24 1.21, 1.26 <.0001* 
Urban vs. Suburban 1.15 1.12, 1.17 <.0001* 

   Low Uninsured Vulnerabilitybc 
   

Suburban vs. Rural 1.11 1.07, 1.15 <.0001* 
Urban vs. Rural 1.14 1.10, 1.18 <.0001* 
Urban vs. Suburban 1.03 1.00, 1.06 0.0803 

   Moderate Uninsured Vulnerabilitybd 
   

Suburban vs. Rural 1.01 0.97, 1.05 0.7047 
Urban vs. Rural 1.24 1.20, 1.28 <.0001* 
Urban vs. Suburban 1.23 1.19, 1.27 <.0001* 

   High Uninsured Vulnerabilitybe 
   

Suburban vs. Rural 0.99 0.95, 1.03 0.5217 
Urban vs. Rural 0.97 0.93, 1.01 0.1729 
Urban vs. Suburban 0.99 0.94, 1.93 0.4919 
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Figure 1. Average percentage of HCP that have received a COVID-19 booster dose by reporting week among 
urban, suburban, and rural long-term care facilities, United States, January – March 2022. 
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Figure 2. Average percentage of HCP that have received a COVID-19 booster dose by reporting week among 
urban, suburban, and rural long-term care facilities, stratified by county-level percentage of uninsured 
individuals, United States, January – March 2022. (a) low percentage of uninsured individuals; (b) moderate 
percentage of uninsured individuals; (c) high percentage of uninsured individuals. 
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