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Abstract: Understanding vaccine hesitancy in organ transplant recipients (OTR) is critical, given
clear, although attenuated, benefits from vaccination. Adult OTR were surveyed regarding vaccine-
related values and a novel outcome variable called Vaccine Acceptance Composite Score (VACS)
was built as the average Likert score of 7 domains of vaccination confidence. Of 46 OTR included
(93.5% kidney transplant recipients), 32.6% were female, 13.3% Black, 6.77% Hispanic/Latino/a/x;
median age was 58 years. Patients were most concerned about COVID-19 vaccine-associated risks
(46.3%), its potential effect on allograft (47.6%) and motives of government officials involved with
vaccine policy (55.6%). Politically conservative patients were likely to have a significantly lower
VACS, while those who lived with someone 265 had a higher VACS. The VACS was not significantly
associated with race, income, religious beliefs, comorbidities, COVID-19 history, or influenza
vaccination status. Higher VACS was significantly associated with >3 and >4 COVID-19
immunizations. This study highlighted political beliefs and elderly household members as
correlates of vaccine acceptance among OTR. The VACS may be a useful tool to help standardize
multifaceted analyses in vaccination-focused behavioral research, as well as identify individuals
and groups at risk for vaccine hesitancy, who may benefit from tailored outreach and educational
interventions.
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1. Introduction

The COVID-19 pandemic has caused an estimated 700 million cases and 7 million deaths
worldwide [1]. The rollout of mRNA vaccines in December 2020 was the largest concerted public
health campaign in history, saving an estimated 2.4 million lives within the first eight months of
implementation [2]. As organ transplant recipients (OTR) may have increased rates of morbidity and
mortality from severe COVID-19 disease [3,4], vaccination has been critical in saving OTR lives [5]
despite blunted immune response [6].

The pandemic of vaccine hesitancy, recognized by the World Health Organization as one of the
top 10 global health threats in 2019 [7], has undermined the reach of public health efforts against
COVID-19. Vaccine hesitancy encompasses a spectrum of beliefs that result in indecision,
ambivalence, or resistance to a given vaccine. Its wide range of causes includes barriers to access,
medical misinformation or lack of information, concerns regarding adverse effects, administration
mechanisms, efficacy against infection, and mistrust in the medical system, drug testing process, or
the state [8-10].

These beliefs are observed across various sociodemographic categories, but overall tend to be
more prevalent among populations such as Black/African American individuals, Hispanic/Latino
individuals, people who receive less income, and people who have received less education [11-13].
Such disparities in the uptake of vaccines, as well as treatments for COVID-19, have been attributed
to limited access to healthcare professionals and reduced interaction with the healthcare system,
mistrust of biomedical and healthcare institutions founded in historical and present racism and
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classism, inadequate recruitment in clinical trials, concerns related to the cost of vaccination, and
reduced access to educational opportunities, particularly regarding vaccination [12,14-16]. At the
same time, people of color have faced elevated risks of contracting SARS-CoV-2 and experiencing
COVID-associated mortality [16,17], though this disparity seems to have narrowed and even shifted
over the course of the pandemic [18]. Still, addressing and overcoming barriers to vaccination to
ensure equitable access to protection and health care remains a priority for this and future pandemics,
considering patients who have multiply marginalized identities.

Limited data suggest nuances in vaccine-hesitant beliefs extend to individuals who are
immunocompromised, including OTR, who may harbor distinct anxieties and fears regarding
vaccination such as concerns about interactions with their allograft [19-21], comorbid conditions [22],
or immunosuppressive medications [20,23,24]. The coalescence of transplant recipients” experiences
of chronic illness and long-term healthcare exposures with race and experiences of racism, religious
beliefs, political views, and other identity categories, has yet to be examined in the context of vaccine
belief formation.

To this end, we aimed to investigate the perceptions of COVID-19 vaccination among OTR and
characterize sociodemographic and interpersonal factors that might influence their beliefs. We
surveyed OTR anonymously on their sociodemographic data, medical history, and multiple pillars
of vaccine beliefs, and employed a novel metric, the Vaccine Acceptance Composite Score (VACS), to
analyze their relative COVID-19 vaccine acceptance. These data can potentially inform clinicians,
policymakers, and the broader transplant community about targeted educational and medical
outreach [25] that may benefit OTR, as well as other immunocompromised individuals.

2. Materials and Methods

2.1. Study Design and Data Collection

Patients at least 18 years old who received at least 1 organ transplant were surveyed
anonymously between May 27 and September 15, 2023. Subjects were sourced from clinical practice
at the organ transplant clinics at Rhode Island Hospital (Providence, RI), and recruited through word-
of-mouth in routine clinical care, flyers posted at clinic sites, and patient portal messages.

Through a QR code and website link, subjects were invited to complete an anonymous online
questionnaire inquiring about their demographic information, self-reported medical history, and
beliefs regarding vaccination. The complete content of the survey instrument is available online [26].
Its development was informed by the scoping review protocol on vaccine hesitancy presented by
Oduwole et al. [27] and the Centers for Disease Control and Prevention (CDC) Vaccine Confidence
Survey Question Bank [28]. No monetary incentive was provided for participation.

The questionnaire and its data were hosted, collected, and stored on Qualtrics XM, versions
May-September 2022 (Qualtrics, Provo, Utah). The Lifespan Institutional Review Board determined
this study qualified for exemption under the Code of Federal Regulations Title 45 § 46.104(d)(2i)(2ii).

2.2. Data Analyses

Sociodemographic data, medical history, vaccine perceptions and beliefs across the cohort were
summarized with the percentage of the cohort represented (with the exception of age, summarized
as median with interquartile range).

We further developed a novel comprehensive outcome variable called the Vaccine Acceptance
Composite Score (VACS), which was calculated as the average of the Likert scores across seven
evaluated domains of vaccination confidence:

e  Concern for COVID-19 vaccine-associated risks (Likert scale inverted to correct for confidence
orientation of the VACS);

e  Safety of the vaccine for the general public;

e  Safety of the vaccine for transplant patients;

e  Confidence that the vaccine has been adequately studied;

e  Confidence that vaccines are useful at preventing infectious diseases;
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e  Confidence that receiving a vaccine is better than becoming ill from COVID-19;
e  Confidence that SARS-CoV-2 is real.

The VACS was captured as a continuous variable and transformed into a 3-category ordinal
variable: <2.5;2.5-4.0; >4.0. We applied ordinal logistic regression and relative operating characteristic
(ROC) analyses to examine the association of VACS with several sociodemographic and medical
factors, as well as individual adherence to COVID-19 vaccine recommendations, respectively. We
calculated univariable odds ratios (OR), with VACS as an ordinal variable, and ROC areas under the
curve (AUC), with VACS as a continuous variable relative to 23 and >4 prior vaccinations, with 95%
confidence intervals (CI). Statistical analyses were conducted using R, version 4.0.5 (R Foundation
for Statistical Computing). A two-tailed p-value of 0.05 determined statistical significance.

3. Results

Of 51 OTR who started the survey, 4 did not complete it; only one patient was unvaccinated and
therefore excluded as an outlier from analysis. 46 OTR who completed the survey had received at
least one dose of a COVID vaccine and were therefore included for analysis.

3.1. Study Cohort

Sociodemographic data and medical history are summarized in Table 1. The median age was 58
(interquartile range (IQR) 48-64) years. 32.6% identified as female. 68.9% identified as White, 13.3%
identified as Black or African American, and 6.7% identified as Hispanic or Latino/a/x. 21.7% were
born outside of the United States, and three spoke English as a second language. 78.3% had at least
some college education. Nearly all (92.9%) caregivers reported that their children received all
pediatrician-recommended vaccines. 47.8% were currently working, while 34.8% were retired. 47.7%
identified as liberal, left or Democrat; 13.6% as conservative, right or Republican; and 38.6% as
independent or without a party affiliation. 33.3% of the cohort had changed their political affiliation
over time. 90.7% of patients were raised Catholic or another Christian denomination, though only
54.5% identified as currently spiritual or religious. Socioeconomically, this cohort skewed wealthier,
with 32.6% of patients in the highest quintile of annual household income ($141,001+).

Regarding medical history (Table 1): 82.6% of patients received one organ transplant, 93.5% a
kidney (other organs were heart, pancreas, lung and liver). 52.3% of our cohort received a transplant
since mid-2020, overlapping with the timepoint when the COVID-19 vaccine mandate for procedures
at our transplant center in effect. 78.3% of patients had two or more medical comorbidities, mainly
chronic kidney disease, hypertension, diabetes, or congestive heart failure. 63.0% had previously had
COVID-19 disease, 89.3% of whom contracted it since vaccine rollout in December 2020. 5 of 27
respondents (18.5%) with a history of COVID-19 illness required hospitalization. 82.6% of patients
had received >3 COVID-19 immunizations, the majority of whom >4 (aligned with the CDC
recommendations at the time of the survey).

Table 1. Sociodemographic factors and medical history.

Category Total responses Categorical
(n) responses t
Total number of respondents 46 -
Age (years) 30 58 (48-64)
Male gender identity 46 31 (67.4)
Transgender identity 46 2 (4.3)
Heterosexual identity 45 44 (97.8)
Ethnicity and race 45 -
White/European American - 31 (68.9)
Middle Eastern/North African - 2 (4.4)
Black or African American - 6 (13.3)

Asian - 3(6.7)
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Hispanic and/or Latino/a/x - 3(6.7)
Access to racially congruent medical care for patients who

identify as other than exclusively White 14 4(286)
English as a second language 46 3 (6.5)
Has access to primary language-concordant medical care 3 2 (66.7)
Born in the United States 46 36 (78.3)
Highest level of education 46 -
Less than high school - 2 (4.3)
High school or equivalent - 8(17.4)
Some college - 15 (32.6)
Bachelor’s degree or higher - 21 (45.7)
Primary caregiver to at least one child 46 16 (34.8)
Household children received all rec?mmended pediatrician-scheduled 14 13 (92.9)
vaccines
Has household members >65 years old 45 11 (24.4)
Current employment status 46 -
Working § - 22 (47.8)
Not employed due to disability - 3 (6.5)
Not employed for other reasons - 4 (8.7)
Retired - 16 (34.8)
Other - 1(2.2)
Political party 44 -
Democrat, liberal or left - 21 (47.7)
Republican, conservative or right - 6 (13.6)
Independent or no party affiliation - 17 (38.6)
Has maintained same political party affiliation 42 28 (66.7)
Raised with religion 44 32 (72.7)
Childhood religion § 32 -
Catholicism - 23 (71.9)
Other Christian denominations - 6 (18.8)
Hinduism, Buddhism - 3(9.4)
Other - 4 (12.5)
Currently spiritual or religious 44 24 (54.5)
Current religion } 34 -
Catholicism - 14 (41.2)
Other Christian denominations - 5(14.7)
Hinduism, Buddhism - 4 (11.8)
Other - 3(8.8)
Annual household income 43 -
$27,000 or less - 5(11.6)
$27,001-$52,000 - 9 (20.9)
$52,001-$85,000 - 8 (18.6)
$85,001-$141,000 - 7 (16.3)
$141,001 or more - 14 (32.6)
Eligible for social programs 22 8 (36.4)
Number of organ transplants received 46 -
One - 38 (82.6)
Two or three - 8(17.4)
Transplanted organ types 46 -
Kidney - 43 (93.5)
Heart - 1(2.2)

Pancreas - 1(2.2)
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Lung - 1(2.2)
Liver - 1(2.2)
Three or fewer years since last transplant 44 23 (52.3)
Comorbidities } 46 -
Hypertension - 34 (73.9)
Diabetes mellitus - 22 (47.8)
Chronic kidney disease - 38 (82.6)
Congestive heart failure - 6 (13.0)
Chronic pulmonary conditions - 3 (6.5)
Chronic hepatic conditions - 1(2.2)
Malignancy - 9 (19.6)
Two or more comorbidities - 36 (78.3)
Limitations in activities of daily living due to a physical or
. oo 46 7 (15.2)
psychological condition
Deaf or hard of hearing 46 3 (6.5)
Blind or visually impaired 46 5(10.9)
Positive history of COVID-19 disease { 46 29 (63.0)
Infection requiring hospitalization 27 5 (18.5)
Multiple COVID-19 infections 28 5(17.9)
Last diagnosed with COVID-19 after vaccine release (December 14, )8 25 (89.3)
2020)
Close relations with severe COVID-19 morbidity or mortality 45 19 (42.2)
Number of vaccine doses received 46 -
1-2 - 8 (17.4)
3 - 9(19.6)
4+ - 29 (63.0)
Received at least 1 mRNA vaccine 46 43 (93.5)
Received 21 bivalent COVID-19 booster 43 35 (81.4)
Previously received the influenza vaccine 46 24 (52.2)
Up to date on other (non-COVID-19, non-flu) vaccinations 46 40 (87.0)
Knows a family member, friend or colleague who had a poor m 15 (34.1)
experience with the COVID-19 vaccine ’
Has had personal past negative experiences with health care 45 10 22.2)

workers

Only one respondent (out of 45 who answered) cited cost as a barrier to obtaining transplant-related medication.
1 All values are listed as (n, %) with the exception of age (median, interquartile range). £ As categories are
nonexclusive, sums may exceed total number of patients. One patient received both a kidney and pancreas
transplant. § Includes homemaking.

3.2. Vaccine Hesitancy

Perceptions and values related to the COVID-19 vaccine and vaccination more broadly are
summarized in Table 2. Only one respondent answered all values-related questions with extreme (1
or 5) Likert scores. The most common concerns were: COVID-19 vaccine-associated risks (46.3%),
close to COVID-19-associated risks (59.1%), with 21.7% unconfident that receiving the vaccine is
superior to contracting COVID-19 while unvaccinated; the vaccine’s potential effect on allograft
(47.6%); and motives of government officials involved with vaccine policy (55.6%). 26.7% of patients
were doubtful that SARS-CoV-2 is real. 32.6% of patients were doubtful that vaccines are useful
against infectious diseases. Of 5 patients who contracted COVID before being vaccinated, only 1 felt
confident that the vaccine would have helped avoid symptoms. Three patients reported they had
received medical advice to avoid COVID-19 vaccination. Patients expressed high levels of doubt in
understanding of the vaccine among their colleagues and friends (66.7%), family (43.5%), and even
self (32.6%), with nearly half reporting difficulty assessing the accuracy of COVID-19 information in

d0i:10.20944/preprints202404.1038.v1
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the media. OTR with no history of COVID-19 disease did not have significantly different vaccine
beliefs compared to OTR with a positive history.

Table 2. Values related to, and perceptions of, the COVID-19 vaccine.

Total Categorical
Category
responses (n) responses (n, %)
Concerned about COVID-19-associated risks 44 26 (59.1)
Concerned about COVID-19 vaccine-associated risks 41 19 (46.3)
Concerned about safety of COVID-19 vaccine for the general public 44 14 (31.8)
Concerned about safety of COVID-19 vaccine for transplant patients 46 16 (34.8)
Predicts significant magnitude of effect of COVID-19 vaccine on 0 20 (47.6)
allograft
Expects lower likelihood of peer/colleague vaccination 45 23 (51.1)
Expects lower likelihood of friends/family vaccination 46 17 (37.0)
Has difficulty determining veracity 'of COYID-19 information in the 46 2 (47.8)
news/on social media
Amount of information received on COVID-19 vaccines is... 46 -
Too much - 6 (13.0)
The right amount - 29 (63.0)
Not enough - 11 (23.9)
Uses ___as a primary source for COVID-19 information + 45 -
Doctors and/or official government materials - 17 (37.8)
Right-wing media - 6 (13.3)
Left-wing media - 26 (57.8)
Social media - 8 (17.8)
Unconfident in health care worker competence 46 10 (21.7)
Unconfident that motives of Vfaccinte.-supportive policymakers are well- 45 25 (55.6)
intentioned
Unconfident that COVID-19 vaccines have been adequately studied 44 26 (59.1)
Unconfident that vaccines are useful at preventing infectious disease 46 15 (32.6)
Unconfident that receiving a COVID -19 vaccine is better than becoming 16 10 21.7)
ill from COVID-19 '
Of patients who were first vaccinated after contracting COVID-19 —
unconfident that vaccination would have helped avoid COVID-19 5 4 (80.0)
symptoms
Unconfident that SARS-CoV-2 is real 45 12 (26.7)
Unconfident in own understandmg and judgment of the COVID-19 16 15 (32.6)
vaccine
Unconfident in colleagues' or friends' understanding and judgment of 45 30 (66.7)
the COVID-19 vaccine '
Unconfident in family's understandling and judgment of the COVID-19 16 20 (43.5)
vaccine
Lower sense of responsibility for health and safety of non-relatives 44 21 (47.7)
Lower sense of responsibility for health and safety of relatives 44 12 (27.3)
Received advice from a medical provider to not be vaccinated against 44 3(6.9)
COVID-19

The spectrum of vaccine hesitancy was incorporated as Likert scores between either 1-3 or 3-5, depending on the
orientation of the question posed. T Four individuals utilized both right and left-wing news sources. Political
leanings of media sources were informed by the Media Bias Ratings on AllSides
(https://www.allsides.com/media-bias).

OR correlating sociodemographic and self-reported medical data with VACS are presented in
Figure 1, and the ROC curves correlating >3 or 4 immunizations with the VACS in Figure 2. Patients
who identified as politically conservative were likely to have a lower VACS (OR 0.35, 95%CI 0.18-
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0.69), while those who lived with someone 265 years old were likely to have a higher VACS (OR 2.02,
95%ClI 1.18-3.46). The VACS was not significantly associated with race, income, religious beliefs,
number of comorbidities, COVID-19 history, or influenza vaccination status. Higher VACS was
strongly associated with history of at least 3 (ROC AUC 0.87, 95%CI 0.76-0.98) and 4 (OR 2.04, 95%CI
1.27-3.29; ROC AUC 0.84, 95%CI 0.72-0.96) COVID-19 immunizations.

>58 Years Old |—|—-—|
Male I—|—|
White Race —
Received Less than Bachelor Degree I—“l—!
Has Household Members >65 Years Old —t—
Currently Employed I—‘-l—!
Conservative —t
Raised Catholic | I 4
Currently Identifies as Catholic [ } i
Income < $52,000 ——
>2 Comorbidities I—'—|—|
History of COVID-19 Disease I—|—-—|
Received >4 COVID-19 Vaccines —t—
Has Received Infuenza Vaccine I—E—!
Close Relations Have Had Severe COVID-19 Morbidity or Mortality I——-l—i
Acquaintances Have Had Negative COVID-19 Vaccine Experiences I—|—'—|
0.1 1 10
Odds Ratios (95% CI)

Figure 1. Correlation of VACS with sociodemographic features and medical history. Values are
displayed on a logarithmic scale. Significant (p<0.05) associations are bolded. VACS = Vaccine
Acceptance Composite Score; CI = confidence interval.

<
=

Zevoumty (Troe Pootive P ate)

— 3+ Aoces (AYX: 0.87,95% XI:[0.76,0.98])
- 4+ Aoced (AYX: 0.84,95% XI:[0.72,0.96])

T T
1.0 0.8 0.6 04 0.2 0.0
1 O Irexpugrry (Fodoe Pocimive P ote)

Figure 2. ROC curves for VACS by number of vaccine doses received. AUC = area under the curve;
CI = confidence intervals; ROC = relative operating characteristicc VACS = Vaccine Acceptance
Composite Score.
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4. Discussion

Characterizing the pervasiveness and “emotional epidemiology” of the vaccine hesitancy
landscape [8] is critical to limiting its adverse impact on human health, especially for vulnerable
populations. However, it is difficult to compare vaccine hesitancy through time and space given non-
standardized, disjointed, and asynchronous data collection, as well as evolving vaccine access. In
May 2021 in China, 77.2% of 813 OTR surveyed were classified as vaccine-hesitant, and only 5.7%
were vaccinated at the time [22]. On the contrary, in early 2022, of 1019 OTR surveyed at a single
center in Italy who had already received 2 immunizations and were eligible for a third, only 5% were
considered hesitant [9].

Many factors lead to incomparability of such surveys, including different country-wide
experiences of the COVID-19 pandemic, cultural attitudes toward the vaccine, varying definitions for
vaccine hesitancy, non-standardized survey methods, and different inclusion groups. Overall,
however, vaccine hesitancy likely decreased over the course of the pandemic: a metanalysis in India
aggregating more than 60,000 respondents found that hesitancy dropped from 37% in December 2020
to 12.1% in November 2021, as most people who chose to “wait and see”, especially those who were
medically compromised, opted into vaccination [29]. An international study aggregating 23,000
responses from 23 countries likewise reported about a 4% decrease in vaccine hesitancy from 2020 to
2021 [30]. In the above metanalysis from India, the three most common factors contributing to vaccine
hesitancy were fear of adverse effects, inefficacy, and poor safety—largely congruent with studies
focused on OTR [9,19-24,31,32], including our own.

In this study assessing attitudes toward COVID-19 vaccination among 46 OTR at our transplant
center, we found that patients expressed vaccine-hesitant beliefs across domains ranging from the
vaccine itself, to potential interference with their health, to societal and political factors at play during
its development and rollout. Patients were most concerned about the degree to which the COVID-19
vaccine had been studied, the potential for adverse effects of the vaccine on their allograft, and the
motives of vaccine-supportive policymakers (Table 2). Nearly half were concerned about the effect
of the vaccine on their transplant organ (Table 2), a concern noted in prior studies as well [19-21].
Patients who lived in households with adults ages 65 and older, and patients who did not identify as
conservative or politically right-leaning, had higher VACS (Figure 1), which correlated with receiving
the full vaccine series (Figures 1 and 2).

The employment of the Emergency Use Authorization by the Food and Drug Administration
(FDA) to fast-track vaccine research and rollout, and intense government financial and other
resources toward vaccine development and deployment [25], against the United States” tumultuous
partisan political backdrop in the early 2020s, likely contributed to engendering mistrust in
policymaker motives among the American populace. Our study showed the OTR population was no
exception. In a longitudinal study in mid-2020 before vaccine rollout, Fridman et al. observed a
decline in pro-vaccine sentiment among Republicans, though not Democrats [33], at a time when the
former US president vocally favored accelerated vaccine research and development [34]. This
hesitancy of the constituent party despite concordant leadership may be rooted in modern
conservative values of government mistrust above leadership concordance [35].

Notably, age, gender, race, education, income, comorbidities, and history of SARS-CoV-2
infection were not correlated with a change in VACS. The level of education and influenza vaccine
history did not correlate with higher VACS, either, in contrast to one previous study of OTR [22].
Although such observations could be attributed to our small sample, they could also reflect higher
level of trust in more established, longer studied, fully FDA-approved preventative interventions.
The finding that Black identity did not correlate with vaccine hesitancy aligns with several prior
studies: a case-control study of 930 total patients [36] who noted the diminishing discrepancy of
vaccination rates between Black patients and other racial and ethnic groups over the course of the
pandemic; a national survey conducted over the course of six waves of COVID [37] noting increased
rate of vaccine uptake in this population compared to White respondents; and a Rhode Island-specific
study that demonstrated no significant discrepancy in vaccine hesitancy associated with race or
ethnicity, though with small samples of non-White respondents [38]. However, these findings
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contrast with a nationwide review from 2021 pooling over 100,000 participants that demonstrated
significantly higher vaccine hesitancy among Black and Hispanic Americans compared to their White
counterparts [12]. It is possible that well-orchestrated, local outreach efforts with trauma-informed
and transparent language [39] may have contributed toward diminishing hesitancy towards
vaccination among racial and ethnic minorities.

Importantly, a third of the study cohort was not confident that vaccines are useful for preventing
infectious disease (Table 2); over a fourth doubted the existence of SARS-CoV-2; and a fifth felt
unconfident that receiving a COVID vaccine was superior to falling ill with COVID (Table 2). Patients
expressed doubt in their own understanding, as well as their family’s, friends’, and colleagues’
understanding of the vaccine, and admitted difficulty evaluating the veracity of media, indicating a
need to strengthen basic vaccine education, even among this group with otherwise highly specialized
medical care, including vaccine mandates. With such high-touch care and longstanding relationships
with this patient cohort, providers have a uniquely powerful opportunity [31,32] to relay clear, firm,
and positive vaccine messaging, to combat ambiguous or negative medical messaging patients may
have received or perceived, evidenced in this (Table 2) and prior studies [22,25,40].

Our study has several strengths. It was hosted at a single hospital and thus captures a distinct
spatiotemporal moment of vaccine hesitancy in a specific, homogeneous cohort during a rather
narrow timeframe spanning the most recent phases of the pandemic. The variety and specificity of
questions provide depth and breadth to understanding patients’ beliefs. It was self-directed,
unobserved and without monetary incentive, potentially decreasing response bias. It also introduced
and internally validated the VACS, a novel metric that could offer future standardization and depth
for similar studies. The survey itself, although extensive (Suppl. Material), had a high completion rate
once started, with only 4 participants excluded for incomplete responses.

This study also has its limitations: The survey tool and VACS were piloted with a relatively small
single-center sample size. Our results have not been externally validated yet. The small sample size
further precluded multivariable analyses. Data on the number of online viewings of the survey were
not collected, so a response rate cannot be derived. The survey itself is thus susceptible to self-
selection bias, for individuals with strong pro- or anti-vaccination opinions being more likely to
complete the survey, leading to extreme responding. However, only one respondent answered all
values-related questions with extreme (1 or 5) Likert scores, supporting the limited effect of self-
selecting for strong attitudes in the present study. Three patients spoke English as their second
language, and the survey was not offered in their primary language. Although the questionnaire
offered depth into the respondents’ positionalities and beliefs, it was not totally comprehensive, e.g.,
questions on food or drug allergies—which may affect vaccine uptake and beliefs. Zip codes were not
asked, while local geography often correlates with socioeconomic status and even access to
vaccination, based on studies from larger states [36], although less so in the smallest state; notably,
income and education were not found to significantly correlate with the VACS.

Last, this study excluded one respondent who had never received a COVID-19 vaccine.
However, it is unclear how many patients had received at least one immunization primarily driven
by their own volition versus solely to remain eligible to receive a transplant, as one patient noted in
the free response portion at the end of the survey. Unfortunately, it was not possible to parse these
two populations based on the survey data. 52.3% of our cohort received a transplant since mid-2020,
providing an upper bound for the maximum number of individuals who could have been affected
by the hospital mandate. Mandating vaccination among vaccine-hesitant individuals would not have
skewed the VACS directly, as the composite score is attitude rather than behavior-based (Figure 1).
Moreover, the vaccine mandate only required 2 doses, so it is less likely that the ROC measuring
adherence to the CDC recommendation of 4 immunizations at time of survey would be substantially
affected (Figure 2).

In conclusion, this study identified demographic factors associated with vaccine-hesitant beliefs
using a novel composite metric of vaccine confidence, which correlated with number of
immunizations received, in a cohort of OTR at a single transplant center. It further identified areas of
misinformation and self-doubt within participants” understanding of COVID-19 and the vaccines
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against it, highlighting the need for continued provider efforts in patient education. Future research
should investigate which factors of the VACS drive its correlation with these demographic features
and number of immunizations the most, and how to tailor, generalize, or relatively weight its
components to other vulnerable populations or to the general public. After external validation, the
VACS may offer a fast, comprehensive, and standardized option of assessing vaccine hesitancy in
cohorts including and beyond OTR.
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