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Abstract

Introduction: Vaccinations against preventable respiratory infections such as Streptococcus 
pneumoniae and influenza are important in immunosuppressed solid organ transplant (SOT) 

recipients. Little is known about the role of age, race, ethnicity, sex, and sociodemographic 

factors including rurality, or socioeconomic status (SES) associated with vaccine uptake in this 

population.

Methods: We conducted a population-based study using the Rochester Epidemiology Project, 

a medical records linkage system, to assess socioeconomic and demographic factors associated 

with influenza and pneumococcal vaccination rates among adult recipients of solid organ 

transplantation (aged 19–64 years) living in four counties in southeastern Minnesota. Vaccination 

data were obtained from the Minnesota Immunization Information Connection from June 1, 2010 

to June 30, 2020. Vaccination rate was assessed with Poisson and logistic regression models.

Results: A total of 468 SOT recipients were identified with an overall vaccination rate 

of 57%–63% for influenza and 56% for pneumococcal vaccines. As expected, vaccination 

for pneumococcal vaccine positively correlated with influenza vaccination. Rural patients had 
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decreased vaccination in both compared to urban patients, even after adjusting for age, sex, 

race, ethnicity, and SES. Although the population was mostly White and non-Hispanic, neither 

vaccination differed by race or ethnicity, but influenza vaccination did by SES. Among organ 

transplant groups, liver and lung recipients were least vaccinated for influenza, and heart recipients 

were least up-to-date on pneumococcal vaccines.

Conclusions: Rates of vaccination were below national goals. Rurality was associated with 

undervaccination. Further investigation is needed to understand and address barriers to vaccination 

among transplant recipients.
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1 | INTRODUCTION

Although infection is the most common non-cardiovascular cause of death after solid organ 

transplant (SOT), with respiratory infec tion the highest type of infections, vaccinated SOT 

recipients have decreased morbidity and mortality.1,2 There are many potential and harmful 

infections posttransplant, with influenza the most common vaccine-preventable infection 

within the first 5-year posttransplant.1,2

United States (US) vaccination recommendations are well delineated for SOT recipients. 

Yearly influenza vaccination is recommended for all adult SOT candidates and recipients.3 

Likewise, prior to 2022, all SOT candidates and recipients should have received a 13-valent 

pneumococcal conjugate vaccine (PCV13) followed by pneumococcal vaccination with 

23-valent pneumococcal polysaccharide vaccine (PPSV23) at least 8 weeks later. These 

should occur before transplant or within 2–6 months after transplant,4–10 with a booster 5 

years after the first dose of PPSV23. However, vaccination rates are suboptimal— influenza 

coverage has been reported around 50% and pneumococcus at 25% among recipients 

of solid organ transplantation.11 Understanding the demographic traits and characteristics 

that increase the risk of undervaccination therefore becomes critically important in this 

population.

Health-care disparities may lead to differential access to or uptake of vaccinations. Given 

the screening and evaluation phases pretransplant, along with the intensive health-care 

follow-up in the first year following transplant surgery, these disparities may be quite 

different among transplant patients compared to the general population. In many facets 

of health care, underserved communities, such as those with lower socioeconomic status 

(SES), of minority races and ethnicity, and living in rural areas, experience disparities 

in health-care access. In non-transplant populations, vaccine disparities are clearly seen 

by race, with up to 9% lower coverage rates observed among Black persons compared 

to White persons.12,11 But a recent study of SOT patients showed that White and older 

patients were less likely to undergo vaccination.13 Very little is known about the role 

individual-level SES and geographic location play in vaccine uptake in the US. Additionally, 

there are limited data on disparities on vaccines in transplant populations, and we sought 

to understand the vaccine behaviors of the high-risk adult population aged 19–64 because 
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they are historically less well vaccinated than the older population. Individual-level SES 

data are not routinely collected alongside vaccination data, making it difficult to parse out 

how SES impacts vaccination. Associations observed at the area-level suggest potentially 

lower rates of vaccine coverage among populations with lower SES, along with higher rates 

of hospitalizations for influenza in states with a higher proportion of persons living below 

the poverty line.14 Although there are sparse data thus far, geographic region is now being 

evaluated as a social determinant of health, and those living in urban settings with less 

poverty are more likely receive pneumococcal vaccinations.15–17

Our primary objective was to examine influenza and pneumococcal vaccination rates for 

SOT recipients by age, race, ethnicity, sex, rural status, SES, and marital status in a 

population-based study to better understand any vaccination disparities in this population.

2 | METHODS

We conducted a population-based study to assess associations between patient demographics 

and vaccination status of SOT recipients for influenza and pneumococcus. Approval was 

obtained from the Mayo Clinic (21–004470) and Olmsted Medical Center (024-OMC-21) 

Institutional Review Boards.

2.1 | Rochester Epidemiology Project (REP)

The Rochester Epidemiology Project (REP) (R01 AG34676) provides an established and 

unique research infrastructure for tracking the health of the catchment population in the 

Midwest. The REP links the health-care records of Olmsted Medical Center, Mayo Clinic, 

Mayo Clinic Health System, Olmsted County Public Health Services, Zumbro Valley 

Health Center, and other area health-care institutions including area pharmacies to provide 

extensive, longitudinal, population-based health-care information for persons residing in a 

27-county region of southern MN and western WI (700 000 persons included from the 1.2 

million residing in the area).18–21

2.2 | Population

We utilized the population-based research infrastructure of the REP to examine 

demographics of individual-level SES as measured by the HOUsing-based SocioEconomic 

Status (HOUSES) index, race, and geographic region (urban/suburban/rural). This was 

assessed for association with the vaccination of influenza and pneumococcus among high-

risk vaccine-eligible adults aged 19–64-year old with an SOT (heart, kidney, liver, and 

lung) transplantation as determined by Current Procedure Terminology (CPT), International 

Classification of Diseases (ICD)-9 or ICD-10 codes living in a four-county region (Olmsted, 

Wabasha, Dodge, Goodhue) in southeastern Minnesota between January 1, 2010 and June 

30, 2020.

2.3 | Demographics

Demographics, such as age, race, ethnicity, sex, address, and marital status, were collected 

from medical records via the REP. Address and age were used at the time of index date, 

which occurred at the start of the study or at the time of high-risk diagnosis. Race and 
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ethnicity data were obtained through the medical records. If a patient was classified as 

falling into multiple race categories, they were considered ‘Other/Mixed’ race. Similarly, 

highest education level, as gathered from the REP, was narrowed to three groups for 

modeling: high school or less, some college, and college graduate or graduate school.

2.4 | Transplant data

Transplant information was also obtained from REP, and each patient was included into the 

cohort based on the date of SOT within the time of the study. We also included patients 

when a transplant was received before the start of the study if the individuals still met 

the age criteria. If a patient had more than one SOT, their first transplant was used for 

classification purposes. Transplantation did not have to be performed within the catchment 

area of the REP, but the person did have to reside within the catchment area.

2.5 | Socioeconomic status

HOUSES is a validated method that uses address-linked real property data from the county 

assessor’s office and matches to the subject’s address in the medical record.22 To capture 

the individual-level measure of SES, HOUSES utilizes publically available property data 

that are maintained by the county for taxation purposes. HOUSES includes data on assessed 

value, square footage of the housing unit, and a number of bedrooms and bathrooms.22–25 

The address used was the one each patient resided in at the time of their index date. A 

standardized HOUSES index score was previously created after transforming variables to z 

score and then categorized into quartiles. HOUSES data, at the time of the patient’s index 

date, were available for our four REP counties, which is what determined the counties 

included in this study. Higher HOUSES quartile is associated with higher SES. Quartile 4 is 

the highest quartile. Each standardized quartile is based on the overall population. Thus, the 

study population does not always have a quarter of its population in each quartile. HOUSES 

has previously been used in SOT populations to study the role of SES in graft failure and in 

pediatric populations to study pertussis and human papillomavirus vaccinations.23–26

2.6 | Rurality

Geographic status was classified by 2010 Rural–Urban Commuting Area (RUCA) codes 

after geocoding subjects addresses as of June 1, 2010 (or closest one to index date).27 Urban 

areas are those living in a RUCA code 1–3, suburban were those living in codes 4–7 with 

rural coded as 8–10.

2.7 | Vaccination status

The state immunization registry Minnesota Immunization Information Connection (MIIC) 

was used to obtain influenza and pneumococcus vaccination data. MIIC captures 

statewide community pharmacies and health system administration as well as out-of-

state immunizations recorded in the patient’s area medical records.19–21 Pneumococcal 

vaccination data were obtained dating back to 1997 to ensure that high-risk individuals were 

accurately and comprehensively captured as up-to-date on appropriate recommendations. 

Because universal influenza vaccination was recommended beginning in 2010, we evaluated 

data from July 1, 2010 to June 30, 2020.3
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2.8 | Ascertainment of vaccination status and timeliness

Vaccination timeframe for influenza vaccination was an annual vaccine each year (July 

1 through June 30) per current Advisory Committee on Immunization Practices (ACIP) 

standards with timely vaccination considered by October 31 of each year.5,6,7,9 Timeliness 

and time undervaccinated can only be assessed in patients who received pneumococcal 

vaccine(s) after 2010. On-time vaccine uptake for pneumococcus was vaccination within 

1 month of high-risk diagnosis that led to the need for transplantation. If initial diagnosis 

data were not available, then transplant was utilized as the high-risk diagnosis. Following 

transplant, on-time was considered within 6 months of transplant. Posttransplant patients 

are recommended to receive PCV13 followed by PPSV23 within 6 months, followed by 

a second PPSV23 5 years later, and were considered on time if within 6 years after first 

PPSV23. Time undervaccinated was the number of months outside the recommended timely 

vaccines. If a person went the entire year without getting an influenza vaccine, it was 

counted as 12 months undervaccinated.

2.9 | Statistical analysis

Patient demographics are provided with median (interquartile range [IQR]) for continuous 

data and number (percentage) for categorical data. For regression modeling, race was 

narrowed to three groups due to convergence problems with smaller individual groups: 

Asian, Other/Mixed (including unknown race or refusal to specify race), and White.

Influenza vaccination rates (for a given influenza season) were calculated along with 

corresponding 95% binomial confidence intervals (CIs). These rates were based on patients 

who met inclusion criteria each influenza season. A rate was calculated based on a number 

of influenza vaccines eligible for and a number of influenza vaccines received by patient 

demographics. Pneumococcal vaccination status is provided with number (percentage). The 

relationship between patient demographics and influenza vaccination rate was assessed with 

unadjusted and adjusted Poisson regression models, offset by a number of vaccines eligible 

for. Based on the different influenza rates for each person based on time eligible and number 

of vaccines received, the Poisson modeling provides estimates that represent the difference 

in influenza vaccination rate ratios (RR) between groups. The relationship between patient 

demographics and pneumococcal status was assessed with unadjusted and adjusted logistic 

regression models and described as odds ratios (OR). Multivariable models adjusted for 

age, sex, race, and covariates with p-values <.1. For all analyses, p-values <.05 were used 

to signify statistical significance, without correction for multiple testing. All analyses were 

performed in SAS Studio 3.8 (SAS Institute Inc., Cary, NC).

3 | RESULTS

3.1 | Cohort characteristics

There were 468 unique patients who were SOT recipients aged 19– 64 living in the four-

county region in southeast Minnesota (Figure 1). The most common transplant was kidney 

(70%) with the least common being lung (7%). There were 133 patients with more than one 

organ transplant. The median age at the time of transplant was 50-year old, with more males 

(57%), mostly White (83%) and non-Hispanic (93%) (Table 1). These demographics reflect 
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those of the study area where 76.3% of the population is non-Hispanic White and 6.8% 

is Black.28 Over a third of patients were currently or had a history of smoking (38.2%). 

A majority lived in an urban setting (81%) with an even mixture of SES as measured by 

HOUSES, although the least number of people were in the highest SES group (Q4 = 19%). 

The majority received at least some college education (77%). Based on the distribution of 

our population, age was broken down into categories of 19–34, 35–44, 45–54, and 55–64 

years of age.

3.2 | Influenza vaccination

Eighty-five percent (N = 397) of patients received at least one influenza vaccine, with 74% 

(N = 340) receiving two or more influenza vaccines. The average influenza vaccination rate 

over the 10-year period was 56% and ranged between 57% and 63% (Figure A1). Among 

all patients, the median (IQR) time undervaccinated was 26 (12, 53) months (Figure 2). Only 

6% of our cohort were never undervaccinated.

There was no significant difference in influenza vaccination rate by the type of transplant 

received, ethnicity, marital status, sex, or smoking status. Higher SES was associated with 

higher rates of influenza vaccination when comparing Quartile 3 to Quartile 1 (RR = 

1.147, 95% CI = 1.004, 1.305). Those in the second-highest SES category were the best 

vaccinated (Table A1). Factors that demonstrated the lowest vaccination uptake included: 

liver transplants, those of non-White or Asian race, or individuals living outside an urban 

environment. However, the increased uptake by Asian race was not significant when 

adjusting for age, sex, SES, and geographic region. Those living in urban settings were 

more likely to obtain their influenza vaccines than those living in suburban (RR = .801, 95% 

CI = .671, .956) or rural areas (RR = .874, 95% CI = .718, 1.065) (Table 2A) Although 

there was a trend toward higher vaccine coverage in those with more education, this was not 

significant.

There was a 3.25% (95% CI: −7.23, .73; p-value = .109) lower mean difference in 

influenza vaccination rate when comparing the first 3 years following transplant to the 

remaining years following transplant, demonstrating a nonsignificant difference comparing 

number of influenza vaccines received initially posttransplant compared to further out from 

transplant (data not shown). This is representative of 296 patients who were eligible for 

this analysis versus the 468 total transplant patients. Patients were excluded for reasons 

such as diagnosis during or after the 2017–18 influenza season because we could not assess 

beyond the first three influenza seasons posttransplant. For influenza, there was a drastic 

increase in vaccination between the 3-and 6-month posttransplant time point. Those that had 

pneumococcal vaccines up-to-date had 26% higher rates of influenza vaccination.

3.3 | Pneumococcal vaccination

Overall, 261 (55.8%) were up-to-date on pneumococcal vaccination. Of all the organ 

transplant patients, 383 (81.8%) received at least 1 pneumococcal vaccine. Of those who 

received at least 1 pneumococcal vaccine, 261 (68.1%) were considered up-to-date on 

appropriate pneumococcal vaccines. Of those who received only 1 pneumococcal vaccine, 

22 received PCV13 and 59 received PPSV23. Of those who received 2 pneumococcal 
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vaccines but were not fully up-to-date with a booster, 115 received PCV13 and 206 

received PPSV23. Those with heart transplants were half as likely to be up-to-date with 

pneumococcal vaccines when compared to kidney transplants (OR = .509, 95% CI = 

.292, .889), in the unadjusted modeling (Table 2B). Pneumococcal vaccines were lowest 

in other/mixed race, those living in suburban and rural regions, or unmarried. There was no 

difference in vaccination uptake between men and women.

Geographic region was again associated with a significant difference in pneumococcal 

vaccines. Those in suburban areas were 62% less likely to be up-to-date compared to those 

in urban areas (OR = .386, 95% CI = .208, .715). Those in rural areas were 44% less likely 

to be upto-date compared to those in urban areas (OR = .568, 95% CI = .404, .798).

Timeliness was evaluated in patients who were vaccinated after 2010 only. Among this 

group, the median (IQR) time undervaccinated for pneumococcal vaccine was 18 months (0, 

56.5). Overall, 52/168 (31.0%) were never undervaccinated (Figure 2).

4 | DISCUSSION

Vaccine coverage in this high-risk population of transplant recipients is especially important 

because infection is the leading cause of death in transplant patients.10 The Healthy People 

2020 national target for influenza coverage in the high-risk population was 90%, but 

nationally the baseline coverage in 2008 for noninstitutionalized high-risk adults aged 18–64 

was 38.6%, with Minnesota’s highest coverage in the past 10 years at 53%.29 The Healthy 

People 2020 goal for high-risk adults was to achieve 60% pneumococcal vaccination; 

however, only 17% of eligible patients in 2008 received a pneumococcal vaccination.30 

Overall, we found that SOT patients are vastly under national influenza and pneumococcal 

vaccine goals. This high level of undervaccination is seen most significantly in those living 

outside urban settings for both influenza and pneumococcal vaccines. Additionally, higher 

SES as measured by HOUSES demonstrated that a higher (but not the highest) level of SES 

was significantly associated with increased influenza vaccination, as was college education. 

Those who were vaccinated for pneumococcal disease were more likely to be vaccinated 

for influenza. Further time out from transplantation correlated with decreasing influenza 

vaccinations.

Influenza and pneumococcal vaccines have been documented as low in those awaiting 

kidney transplant at a tertiary hospital in the US, with 55% obtaining influenza and 

36% completing pneumococcal vaccines between 2010 and 2014.29 Black patients are a 

third as likely as White patients to receive a pneumococcal vaccine, which is believed 

to be due to inequities in healthcare and mistrust of the medical community, not due to 

provider misunderstanding of recommendations or genetic differences.29 Recommendations 

by health-care providers are often a top reason cited for those receiving vaccination, and 

therefore, the lack of provider recommendations can contribute to decreased vaccination 

uptake.8,31–34 However, vaccine uptake has also been influenced by the anti-vaccine 

movement across the country, which often claims vaccines are unnatural, unnecessary, 

ineffective, or unsafe.35 Additional barriers to vaccination include difficult access, patient 

hesitancy, and concern for side effects.36
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Our data showed higher influenza vaccine coverage in the organ transplant population 

compared to the national average, with a mean of 60% influenza vaccination over 10 years. 

This is slightly higher than prior studies that showed only 50% of high-risk individuals 

received their influenza vaccine.37 Although the vaccination rate of influenza nationally for 

high-risk adults is 16.6%, our cohort of organ transplant recipients demonstrated that 55.8% 

were up-to-date on pneumococcal vaccinations.30 Although our organ-transplant group is 

close to the national goal of 60%, there is still significant work that needs to be done 

to achieve higher levels of vaccination. Prior studies also demonstrated that those who 

received their pneumococcal vaccine were more likely to be up-to-date on their influenza 

vaccination, with a significantly higher influenza vaccination among those vaccinated for 

pneumococcus.10,37–39

In a prior survey of high-risk adults, only 14.8% and 18.5% of patients stated that the 

pneumococcal vaccine was offered to them in the last year and 5 years, respectively.33 

This demonstrates that there could be an inherent problem with how we provide vaccines, 

especially to our high-risk populations if vaccines are not regularly being offered. Given 

that there was also a strong correlation between pneumococcal vaccine ascertainment 

and influenza vaccination, these discussions may occur by some providers regularly or 

because certain people are more apt to obtain recommended vaccinations. Each organ 

transplant practice may have different protocols and strategies for discussing vaccines; it 

was especially apparent that there could be a difference in practice patterns because heart 

transplant recipients were the only ones to have statistically significant lower numbers of 

pneumococcal vaccines. It is unclear why those with heart, liver, and lung transplants are 

less well vaccinated, but it is thought that it could have to do with the chronicity of disease, 

which may be more acute compared to end-stage kidney disease because dialysis centers 

often require vaccinations, and there is more time to obtain immunizations.

4.1 | Sociodemographic factors

We sought to understand differences in rurality as few studies have evaluated the impact 

of geographic region in vaccine uptake. A longitudinal study in the US demonstrated that 

for all races living in rural areas, those in more rural areas experienced higher mortality 

rates despite other factors, and that over time the gaps in mortality between urban and 

rural settings has been widening.40 In the 65 and older population, a study by McLaughlin 

et al. found that those in rural locations were vastly undervaccinated, and that they also 

have higher rates of mortality related to pneumonia.38 Our research studies were similar 

to McLaughlin, but in our younger, high-risk population, with organ transplant recipients 

living in suburban or rural areas that are 20% less likely to obtain influenza vaccines (p 
= .009). These differences were even more pronounced in pneumococcal vaccines, where 

those in suburban areas were over 60% less likely to be up-to-date, and those in rural areas 

were only half as likely to be up-to-date. This may often be due to health-care access as 

there are fewer health-care facilities outside urban settings, low health literacy, or there 

is no appropriate stock of vaccinations.16,41,42 Other studies have shown lower levels of 

confidence in vaccines in rural areas.43
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Although we found no statistically significant difference in SES for pneumococcal vaccine, 

there was a 15% higher odds of obtaining an influenza vaccine for those with higher 

socioeconomic status (HOUSES Q3) compared to the lowest SES (HOUSES Q1), when 

adjusting for all other factors. It is unexpected that in all evaluations of our data, the 

highest socioeconomic group (HOUSES Q4) did not have higher vaccination rates, but the 

second-highest group (HOUSES Q3) consistently had the highest vaccination rates. Over 

the past two decades, there has been a decline in vaccination coverage in children when 

parents had higher education and income when vaccination was previously higher in this 

group compared to their less educated and poorer peers.44

Due to limitations of the available financial and insurance records, we are unable to 

determine if patients were eligible for or received reim bursement after vaccinations, and 

therefore, conclusions regarding the influence of out-of-pocket costs’ on patient behaviors 

cannot be made.

Prior studies have shown a significant difference in vaccine coverage that correlate with the 

level of college education.37,38 We corrobo rated that for influenza, those with a college or 

greater education had 13% higher odds of receiving their annual vaccines (95% CI = .996, 

1.285); however, this did not hold true for pneumococcal vaccines.

Previous vaccine studies have shown significant disparities in uptake by non-White races 

with the lowest uptake in Black persons.30,37 It has been shown that despite controlling 

for SES, education, and place of residence, minority races still demonstrated lower vaccine 

uptake (sometimes up to 20%–30% lower) in spite of having higher rates of pneumococcal 

disease.33,38,46 Because of small numbers, we had to combine multiple races, including 

Black and American Indian/Native Alaskan races, into one group for modeling. We found 

that our small but diverse group of minorities trended toward lower rates of vaccination in 

both influenza (RR = .951, 95% CI = .808, 1.092) and pneumococcus (OR = .735, 95% CI 

= .443, 1.221); however, it was not statistically significant when corrected for geographic 

region, age, sex, and SES. Asian persons seemed to have higher rates of vaccination than 

those of White and other races; however, once age, sex, geographic region, and SES were 

adjusted for, race and ethnicity no longer remained significant.

Transplant patients are typically very closely followed after receiving their transplant, 

with multiple points of health-care contact initially. It is very concerning that there is 

still a significant amount of time that people are still not vaccinated for pneumococcal 

and influenza in an appropriate manner. A median of 18 months undervaccinated for 

pneumococcal disease, with 31% never vaccinated comprises many missed opportunities. 

Guidelines from AST suggest vaccines are safe to give 3– 6-month posttransplant, but there 

still may be center variation in when to give vaccinations.48 Our center starts influenza 

and pneumococcal vaccination on the first posttransplant vaccination visit. Although 

we recognize that influenza vaccination may not be as effective early post-transplant, 

vaccination is still recommended, and in the event of an exposure, chemoprophylaxis may 

also be considered.
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4.2 | Implications and next steps for research and practice

Overall, vaccine refusal is a complex issue, and there are many reasons why a person is 

not up-to-date on recommended vaccines. Generally, the factors involved include patient, 

physician, and system factors.49 Studies of vaccine hesitancy have shown similar trends to 

our population of unvaccinated persons—with those of younger ages, Black race, and lower 

education more likely to be unvaccinated.43 We explored some of the drivers in vaccine 

uptake and found that geographic location is one of the most important factors in decreased 

vaccination.

New recommendations as of 2022 supplant PCV13 with PCV15 or 20 and may be simpler 

for people to understand. Those receiving PCV15 still get one dose of PPSV23 with the new 

recommendations.50 The next steps will require the determination of why coverage is low 

especially, outside urban settings and to find methods to increase coverage. Because access 

and knowledge may be key aspects, some studies have suggested ordering and administering 

vaccines upon hospital discharge, whereas others recommend electronic reminders to 

patients and providers in the outpatient setting.34 A study also found that after consultation 

with an infectious disease specialist, almost all patients agreed to be vaccinated.10 Prior 

analyses have shown that the costs of pneumococcal vaccines are significantly lower than 

the cost of pneumonia, so it is prudent for all insurance companies to both cover and 

promote vaccination.51

4.3 | Strengths

This study captured high-risk persons across different levels of SESs and geographic regions 

to assess vaccine coverage over a 10-year period within multiple health-care systems, 

including immunization data across the entire state, and did not require self-reporting of 

vaccines. Utilizing individual-level SES is more accurate than area-level measures for health 

outcomes. This is the first study evaluating the association between SES and rurality with 

vaccine coverage.

4.4 | Limitations

This study is only in four counties in southeastern Minnesota, an area that is primarily White 

and non-Hispanic. Although the counties outside of Olmsted have a higher population of 

non-White races and a variety of income levels, there is still a limitation with low numbers 

of other races and Hispanic ethnicity. The locality of the study does limit its external validity 

outside similar populations within the US. Although we did not find a disparity in vaccine 

uptake by race, the proportion of recipients in our study reporting Black race was low, which 

is similar to national findings. Only deceased kidney and heart transplant recipients have a 

significantly higher percentage of Black patients.52,53 Further studies in a population with 

a higher proportion of Black SOT recipients should be performed to validate the findings. 

This study only evaluated SOT patients aged 19–64, so cannot extrapolate the findings to 

those over 65 that could have different findings and are at even higher risk given the older 

age. Although we captured all statewide administered vaccines, those administered at federal 

sites such as the Veteran’s Administration were not captured.
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5 | CONCLUSIONS

Organ transplant patients in southeastern Minnesota are undervaccinated for influenza and 

pneumococcus, which is concerning given their high-risk for morbidity and mortality from 

infection. This was especially true in those living outside urban centers, and those of lower 

SES who were vaccinated less for influenza. Race was not found to be significant when 

adjusted for other patient demographics. Further research should focus on implementing 

vaccine reminders in transplant clinics with on-site vaccine administration available, as well 

as having remote vaccine clinic availability for those in rural settings.
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FIGURE A1. 
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Annual influenza vaccine coverage

TABLE A1

Solid organ transplant influenza and pneumococcal vaccination rate descriptive relationship

N = 468 Flu rate
a

Pneumococcal up to date
b

First transplant

 Heart 66.7 (40.0, 90.0) 26 (41.9%)

 Kidney 66.7 (33.3, 90.0) 166 (58.7%)

 Liver 61.3 (22.2, 85.7) 58 (56.9%)

 Lung 71.4 (50.0, 90.0) 11 (52.4%)

Sex

 Female 66.7 (33.3, 90.0) 113 (55.7%)

 Male 66.7 (30.0, 87.5) 148 (55.9%)

Race

 Asian 83.3 (50.0, 100) 16 (76.2%)

 Black 52.8 (16.7, 75.0) 13 (59.1%)

 Native American 85.7 (25.0, 100) 2 (66.7%)

 Other/mixed 42.9 (12.5, 75.0) 16 (45.7%)

 White 66.7 (33.3, 90.0) 214 (55.3%)

Ethnicity

 Hispanic 50.0 (27.5, 90.0) 17 (53.1%)

 Non-Hispanic 66.7 (33.3, 90.0) 244 (56.0%)

Geographic region

 Urban 70.0 (40.0, 90.0) 212 (60.6%)

 Suburban 42.9 (16.7, 80.0) 19 (37.3%)

 Rural 60.0 (14.3, 80.0) 13 (41.9%)

HOUSES index

 Quartile 1 60.0 (33.3, 90.0) 68 (56.2%)

 Quartile 2 70.0 (40.0, 90.0) 71 (61.7%)

 Quartile 3 75.0 (50.0, 100) 68 (61.3%)

 Quartile 4 62.5 (40.0, 87.5) 43 (52.4%)

Marital status

 Single 62.5 (28.6, 90.0) 53 (47.8%)

 Married 66.7 (40.0, 90.0) 146 (60.8%)

 Divorced 50.0 (20.0, 83.3) 32 (60.4%)

 Widowed 25.0 (0, 87.5) 3 (50.0%)

Education level

 Eighth grade or less 41.7 (25.0, 55.6) 3 (50.0%)

 Some high school 48.8 (7.1, 81.7) 6 (50.0%)

 High school/GED 66.7 (25.0, 87.5) 42 (50.6%)

 Some college or 2-year degree 70.0 (35.4, 90.0) 102 (59.3%)

 4-year college degree 71.4 (40.0, 90.0) 41 (58.6%)

 Post graduate studies 66.7 (50.0, 90.0) 65 (61.3%)
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N = 468 Flu rate
a

Pneumococcal up to date
b

Smoker

 Yes 62.5 (37.5, 85.7) 106 (59.2%)

 No 66.7 (30.0, 90.0) 155 (53.6%)

Abbreviation: HOUSES, HOUsing-based SocioEconomic Status.
a
Presented as median and IQR or influenza vaccination rate.

b
Presented as n (%). Number of vaccines eligible for is median number of years were eligible for influenza vaccine based 

upon development of high-risk

diagnosis, appropriate age during the 10-year time period. Number received is out of those years they were eligible, the 
median number of influenza vaccines received in each group. Up-to-date if received PCV13 followed by PPSV23 within 6 
months of transplant or had already received pretransplant, followed by a second PPSV23 5 years later.
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FIGURE 1. 
Algorithm for patient selection
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FIGURE 2. 
Time transplant patients spent undervaccinated. These calculations did not exclude patients 

who had transplants prior to 9/1/2010. About 10 patients had transplants during the 

first 9 months of 2010 so the flu denominators are about 160 less than the pneumonia 

denominators. The denominators are less than our total n of 468. That is to account for 

several things including date they turned 65 was within 3, 6, 9, 12 months of transplant; 

similar criteria applied for those who died within those time periods, excluding patients 

who had transplant before 9/1/2010 because we do not have flu data from 9/1/2009 to 

12/31/2009.
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TABLE 1

Patient demographics (N = 468)

Overall

Age at index, median (IQR) 50.2 (39.6, 57.2)

Sex, n (%)

 Female 203 (43.4)

 Male 265 (56.6)

Transplant type, n (%)*

 Heart 67 (14.3)

 Kidney 326 (69.7)

 Liver 136 (29.1)

 Lung 33 (7.1)

Race, n (%)

 Asian 21 (4.5)

 Black 22 (4.7)

 Hawaiian/Pacific Islander 0 (0)

 Native American 3 (0.6)

 Other/Mixed 35 (7.5)

 Refused/Unknown 0(0)

 White 387 (82.7)

Ethnicity, n (%)

 Hispanic 32 (6.8)

 Non-Hispanic 436 (93.2)

Geographic region, n (%), N = 432

 Urban 350 (81.0)

 Suburban 51 (11.8)

 Rural 31 (7.2)

HOUSES index, n (%), N = 429

 Quartile 1 121 (28.2)

 Quartile 2 115 (26.8)

 Quartile 3 111 (25.9)

 Quartile 4 82 (19.1)

Marital status, n (%), N = 412

 Single 111 (26.9)

 Married 240 (58.3)

 Divorced 53 (12.9)

 Widowed 6 (1.5)

 Other 2 (0.5)

Education level, n (%), N = 449

 Eighth grade or less 6 (1.3)

 Some high school 12 (2.7)

 High school/GED 83 (18.5)
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Overall

 Some college or 2-year degree 172 (38.3)

 4-year college degree 70 (15.6)

 Post graduate studies 106 (23.6)

Smoker, n (%)

 Yes 179 (38.2)

 No 289 (61.8)

Abbreviation: HOUSES, HOUsing-based SocioEconomic Status; IQR, interquartile range.

*
133 patients are in multiple transplant groups.
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