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Abstract.
PURPOSE: This study aimed to conduct a national survey of individuals with spina bifida (SB) and their care partners to
assess COVID-19 vaccination behaviors and vaccine uptake.
METHODS: A survey instrument was designed to assess current vaccination status, general perceptions towards vaccinations,
and barriers to vaccination within the SB community. Surveys were administered to individuals with SB or their representing
care partner. Chi-squared and independent-samples t-tests were used to analyze the relationship between vaccine uptake
and demographics. Multivariable logistic regression modeling was used to test which predictors impacted the odds that a
participant received a COVID vaccine.
RESULTS: A total of 1,412 participants completed the questionnaire, and 1,145 participants reported their COVID-19
vaccine status. The most common reason for not getting vaccinated was a concern about vaccine safety and efficacy. Overall,
healthcare professional recommendations played a significant (OR 2.77 p < 0.001) role in whether to get vaccinated.
CONCLUSION: About one in five individuals with SB have not received any COVID-19 vaccine. Actionable and modifiable
factors were identified which may help increase vaccine uptake. Importantly, health providers play a critical role in COVID-19
vaccination messaging and should emphasize vaccine safety and efficacy.

Keywords: Spina bifida, COVID-19, vaccination, vaccination hesitancy, public health

1. Introduction

More than one million deaths in the United States
(US) have been attributed to COVID-19 [1]. The US
Food and Drug Administration (FDA) has given full
approval to the Pfizer-BioNTech and Moderna vac-
cines for use in persons six months or older [2–4] and
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given emergency use authorization for the Janssen
vaccine [5]. While the COVID-19 vaccines have been
proven safe and effective in reducing COVID-19
related severe illness and death, vaccine hesitancy
remains a significant obstacle in curtailing the pan-
demic. Vaccine hesitancy is the refusal of or delay in
the acceptance of a vaccine. According to the latest
data from the Centers for Disease Control and Pre-
vention (CDC), 20.8% of eligible Americans have
not received their first vaccine dose, and 32.5% are
not fully vaccinated [1]. In the general population,
the most common reason for vaccine hesitancy is a
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concern about vaccine safety and efficacy; hesitancy
has been disproportionately higher in those who self-
identify as female gender, Black race, and/or Latinx
ethnicity [6–9].

Most studies exploring US COVID-19 vaccination
preferences and experiences have been conducted on
the general population without focusing on disability
status. The pandemic has had a significantly nega-
tive impact on individuals with disabilities through
increasing sedentary behaviors [10], exacerbating
health inequities [11], and worsening mental health
[12]. Individuals with disabilities are more likely to
have chronic health conditions, face social inequal-
ity, and meet barriers to care, all factors which
increase the risk of COVID-19 related illness and
death [13]. The COVID-19 vaccine hesitancy rate
among individuals with disabilities is about 25%
[14]. Within this population, vaccine hesitancy has
been associated with COVID-19 vaccine safety con-
cerns, inability to receive reliable information, and
prior negative experiences with vaccines [15, 16].
Decreased hesitancy has been associated with wor-
ries about getting COVID-19, trust in experts, and a
higher education level [14, 17].

No studies to date have specifically examined
COVID-19 vaccine hesitancy in individuals with
spina bifida (SB). SB is the most common perma-
nently disabling congenital defect in the US, with
over 166,000 individuals living with this condition
[18, 19]. Understanding the underlying factors driv-
ing COVID-19 vaccination beliefs and behavior in
this community is essential for guiding messaging,
targeting barriers, and implementing campaigns to
promote vaccination. Thus, the objective of this study
was to conduct a national survey of individuals with
SB to assess current vaccination status and general
perceptions towards vaccinations and identify barri-
ers to receiving the COVID-19 vaccine.

2. Methods

2.1. Survey development

After a critical review of national surveys utilized
by the CDC for COVID-19 vaccination status and
hesitancy, a panel of stakeholders from the Spina
Bifida Association (SBA), clinicians, and researchers
convened to create the study survey. The survey
was pretested for language and clarity with eight
individuals who were either adults with SB or the
parent of a child with SB. The final survey had

a maximum of 22 questions. The exact number of
questions presented to each individual depended on
branching logic from their responses. The survey
was written in English and translated into Span-
ish. The survey was programmed into the Qualtrics
(Provo, UT) survey platform. This research study
was exempt from the university’s institutional review
board (Pro00109800; approved on 11/30/2021).

2.2. Survey distribution

The survey was sent via email to the 22,922
addresses registered with the SBA. Tailored reminder
emails were sent to non-respondents. Two general
reminders were sent to the entire list of registered
email addresses. The SBA also advertised the sur-
vey, which was open from 1/11/22-1/25/22, on social
media platforms. The survey was voluntary and
respondents were not compensated for their time.
Respondents were asked to complete the survey only
once to represent each individual with SB. Respon-
dents could have been those with a diagnosis of SB
and over 18 years of age or care partners (representing
children or adults with a diagnosis of SB).

2.3. Inclusion criteria

Respondents self-verified that they were older than
18 years of age. Eligible survey participants included
individuals with SB or the care partner representing
an individual of any age with SB. Care partners were
asked about the vaccine status of the individual with
SB for whom they care. Participants self-verified their
residence within the United States or territories to be
eligible to complete the survey.

2.4. Statistical analysis

Only those whose vaccine status was reported on
the survey were included in the analysis. For this
study, vaccine uptake was defined as receiving at
least one dose of a COVID-19 vaccine. This study
analyzed (1) the relationship between vaccine uptake
and demographics, (2) where respondents obtained
health information, and (3) beliefs about vaccines in
general and specifically the COVID-19 vaccine.

An epidemiological analysis was completed to
examine vaccine uptake. For care partners who
responded on behalf of an individual with SB, the
analysis was carried out based on the individual
with SB and will be referenced as individuals with
SB throughout. The sample was then stratified into
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those who reported receiving a COVID-19 vaccine
and those who did not receive a COVID-19 vaccine,
and differences in their demographic variables were
tested.

Chi-squared analysis was used to test for dif-
ferences among categorical variables. Independent-
sample t-tests were used to test for differences among
continuous variables. Multivariable logistic regres-
sion modeling was used to test for independent
predictors of the odds that a participant received a
COVID-19 vaccine.

For those who had not received a COVID-19
vaccine, a descriptive analysis was performed to
determine the perceived likelihood of receiving the
COVID-19 vaccine in the future and the reasons for
failure to obtain the COVID-19 vaccine. Similarly,
for those who received a vaccine, a descriptive anal-
ysis was performed for their reasons for accepting the
vaccine.

3. Results

3.1. Response rate

Of the 22,922 emails sent, 78 were returned due to
invalid addresses; 26% (n = 5,860) opened the email,

with 38% of them using the link to access the survey.
Of those who accessed the survey, 89% completed
it (n = 1,412). Thirteen surveys were completed in
Spanish; the rest were completed in English.

3.2. Vaccine uptake

A total of 1,412 respondents with SB or on behalf
of people with SB completed the questionnaire.
Of those, 1,145 (81%) reported whether they had
received a COVID-19 vaccine (Fig. 1). Most SB indi-
viduals reported being vaccinated (n = 896, 78.3%)
(Table 1). Vaccine uptake was not uniform across
groups. Children under 18 years of age with SB had
significantly lower vaccine uptake (n = 151, 50.3%)
compared to adults with SB (Table 2).

3.3. Demographic differences

As depicted in Table 2, those who were vaccinated
were more likely to be an adult with SB (n = 745,
88.2%) than a child under 18 years of age with SB
(n = 151, 50.3%). This was consistent when tested
for age effects and who actually completed the sur-
vey (adult – self-report, adult – care partner-report,
child – care partner-report, and adult – spouse-report).
Those who were vaccinated tended to be older. When

Fig. 1. Response flow diagram representing the vaccination status of the sample.
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Table 1
Individuals with spina bifida demographics stratified by whether they reported they had received a vaccine or not

Vaccinated Not Vaccinated p-value
N=896 (78.3%) N=249 (21.7%)

Adult (≥18 years old) with SB 745 (83.1%) 100 (40.2%) <0.001*
Child (<18 years old) with SB 151 (16.9%) 149 (59.8%)
Age of individual with SB (years) 0.001*

<5 41 (4.9%) 12 (5.1%)
5–11 93 (11.2%) 26 (11.0%)
12–17 79 (9.5%) 43 (18.2%)
18–24 57 (6.9%) 21 (8.9%)
25–34 142 (17.1%) 45 (19.1%)
35–44 204 (24.6%) 41 (17.4%)
45–54 113 (13.6%) 32 (13.6%)
55–64 66 (8.0%) 15 (6.4%)
65+ 34 (4.1%) 1 (0.4%)

Female gender 555 (66.7%) 138 (60.5%) 0.156
Race 0.007*

White 725 (80.9%) 193 (77.5%)
Black 30 (3.3%) 16 (6.4%)
Other 141 (15.7%) 58 (23.3%)

Latinx ethnicity 98 (11.8%) 24 (10.6%) 0.338
Has health insurance 868 (96.9%) 233 (93.6%) 0.011*
Reports typically getting vaccines 855 (95.4%) 216 (86.7%) <0.001*
Has a high-risk condition 435 (48.5%) 72 (28.9%) <0.001*
Clinician recommended COVID-19 vaccine 699 (78.0%) 98 (39.4%) <0.001*
Lives in . . . . <0.001*

Large city (>250,000) 232 (27.7%) 50 (21.9%)
Suburban (>2,500) 510 (60.9%) 129 (56.6%)
Rural (<2,500) 96 (11.5%) 49 (21.5%)

*=significant at the 0.05 level.

Table 2
Reported vaccination rates stratified by group

Percent who had
received a vaccine

Adult with SB 88.2% (745/845)
Child with SB 50.3% (151/300)

the mid-point for the age group was imputed and
means were compared, the vaccinated group was sig-
nificantly older (43.9 years vs. 38.7 years, p < 0.001).
There was a racial disparity (p = 0.007). Those vacci-
nated were more likely to be insured (n = 868, 96.9%
vs. n = 233, 93.6%; p = 0.011), typically get other vac-
cines (n = 855, 95.4% vs. n = 216, 86.7%; p < 0.001),
have a high-risk condition (n = 435, 48.5% vs. n = 72,
28.9%; p < 0.001), have had a clinician recommend
the COVID-19 vaccine (n = 699, 78.0% vs. n = 98,
39.4%; p < 0.001), and live in either a large city
(n = 232, 27.7% vs. n = 50, 21.9%; p < 0.001) or a
suburban area (n = 510, 60.9% vs. n = 129, 56.6%;
p < 0.001). Whether vaccine uptake was self-reported
or reported by a care partner did not impact the odds
of receiving the COVID-19 vaccine.

3.4. Vaccine beliefs

Sources of health information differed between
those who had been vaccinated and those who had
not (Table 3). Those who had had a COVID-19 vac-
cine were more likely to sometimes (n = 290, 32.4%
vs. n = 65, 26.1%) or often (n = 264, 29.5% vs. n = 58,
23.3%) seek information about COVID-19 vaccines.
Those who had not been vaccinated were most likely
to believe the COVID-19 vaccines were not safe
(n = 88, 36.1%), that it was not at all important to
get (n = 96, 39.3%), and that they were definitely not
going to be getting the vaccine (n = 116, 47.5%).

3.5. Odds of vaccine uptake

The odds of COVID-19 vaccine uptake were not
significantly different between children and adults
(OR 0.61, CI 0.10–3.60). The odds of vaccine
uptake were significantly higher in people who were
insured (OR = 3.77, 95% CI 2.50–3.13, p < 0.001),
typically received other vaccines (OR = 2.64, 95%
CI 1.46–4.14, p < 0.001), had a high-risk condi-
tion (OR = 1.85, 95% CI 1.45–2.33, p = 0.002), and
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Table 3
Individuals’ sources of health information, beliefs about COVID-19 vaccine safety, and likelihood of receiving the COVID-19 vaccine,

stratified by COVID-19 vaccination status

Received Have not received
a vaccine a vaccine

n = 896 (%) n = 249 (%)

Where health information is obtained*
Family/friends/work colleagues 197 (22.0%) 44 (17.7%)
Online searches 333 (37.2%) 89 (35.7%)
Primary care provider 563 (62.8%) 129 (51.8%)
Spina bifida health provider 206 (23.0%) 70 (28.1%)
Social media 174 (19.4%) 56 (22.5%)
Online medical sources 397 (44.3%) 95 (38.2%)
News sources 339 (37.8%) 57 (22.9%)
Centers for Disease Control and Prevention 271 (30.2%) 50 (20.1%)
Other 40 (4.5%) 11 (4.4%)

How often in the past month information about COVID-19 was sought
Never 176 (19.6%) 77 (30.9%)
Rarely 150 (16.7%) 49 (19.7%)
Sometimes 290 (32.4%) 65 (26.1%)
Often 264 (29.5%) 58 (23.3%)

Opinion of COVID-19 vaccine safety
Not safe – 88 (36.1%)
Somewhat safe – 41 (16.8%)
Very safe – 21 (8.6%)
Completely safe – 27 (11.1%)

Opinion of how important it is to get COVID-19 vaccine
Not at all important – 96 (39.3%)
A little important – 27 (11.1%)
Somewhat important – 18 (7.4%)
Very important – 50 (20.5%)

Belief of likelihood that individual with spina bifida will get
COVID-19 vaccine in the next 6 months

Definitely will get the vaccine – 22 (9.0%)
Probably will get the vaccine – 11 (4.5%)
Probably will not get the vaccine – 43 (17.6%)
Definitely will not get the vaccine – 116 (47.5%)
Don’t know – 52 (21.3%)

* = participants were allowed to pick multiple responses causing the total percentage to add to more than 100%.

had a clinician recommend a COVID-19 vaccine
(OR = 2.72, 95% CI 2.09–3.53), p < 0.001) (Table 4).

3.6. Reasons for not getting a COVID-19 vaccine

The most common reasons for not getting a
COVID-19 vaccine were concerns about COVID-
19 vaccine side effects (n = 109, 43.8%), concerns
about the safety of the COVID-19 vaccine (n = 107,
43.0%), concerns about curtailing COVID-19 infec-
tions (n = 85, 34.1%), distrust in the vaccine (n = 78,
31.3%) and knowing people who had a nega-
tive COVID-19 vaccine experience (n = 60, 24.1%)
(Table 5). Thirty-nine parents (15.7%) of unvacci-
nated children with SB reported that their child was
not old enough to receive a vaccine (Table 5).

3.7. Reasons for getting a COVID-19 vaccine

The most common reasons for getting a COVID-
19 vaccine were concerns about getting COVID-19
(n = 629, 70.2%), a desire not to transmit COVID-19
to other people (n = 478, 53.3%), a desire to prevent
the general spread of COVID-19 (n = 466, 52.0%),
due to clinician recommendation (n = 382, 42.6%)
and being in a high-risk group (n = 358, 40.0%)
(Table 5).

4. Discussion

About one in five (21.7%) individuals with SB sur-
veyed had not received a single COVID-19 vaccine,
which is slightly more than the general US population
(20.8%) [1] and lower than the COVID-19 vaccine
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Table 4
Logistic regression modeling predicting the odds of an individual with spina bifida (SB) receiving a vaccination for COVID-19

OR 95% CI of OR p-value

Adult (≥18 years old) with SB Ref 0.10–3.60 0.587
Child (<18 years old) with SB 0.61
Age of individual with SB (years)

<5 Ref
5–11 1.09 0.50–2.42 0.825
12–17 2.18 1.02–4.69 0.046*
18–24 0.85 0.12–6.05 0.874
25–34 0.74 0.11–5.04 0.758
35–44 0.50 0.07–3.40 0.475
45–54 0.67 0.10–4.68 0.688
55–64 0.56 0.09–4.05 0.567
65+ 0.08 0.01–1.21 0.068

Female gender 1.18 0.86–1.61 0.320
Race

White Ref
Black 1.65 0.71–3.75 0.274
Other 0.92 0.50–1.70 0.792

Latinx ethnicity 1.44 0.94–2.21 0.094
Has health insurance 3.77 2.50–3.13 <0.001*
Reports typically getting vaccines 2.64 1.46–4.14 <0.001*
Has a high risk condition 1.85 1.45–2.33 0.002*
Clinician recommended COVID-19 vaccine 2.72 2.09–3.53 <0.001*
Lives in

Large city (>250,000) Ref
Suburban (>2,500) 1.42 0.71–2.77 0.317
Rural (<2,500) 1.97 0.93–3.09 0.202

* = significant at the 0.05 level.

Table 5
Reasons reported for having received or not received a COVID-19 vaccine

Reason for not receiving the COVID-19 vaccine n = 249 (%)

Concerned of the effects of COVID-19 vaccine 109 (43.8%)
Concerned about safety of COVID-19 vaccine 107 (43.0%)
Doesn’t believe COVID-19 vaccine stops the spread of COVID-19 85 (34.1%)
Doesn’t trust COVID-19 vaccine 78 (31.3%)
Doesn’t believe COVID-19 vaccines work 72 (28.9%)
Negative previous experience with other vaccines 24 (9.6%)
Friends have had negative COVID-19 vaccine experience 60 (24.1%)
Doesn’t believe they need COVID-19 vaccine 43 (17.3%)
Not old enough to receive the COVID-19 vaccine 39 (15.7%)
Had COVID-19 and feels protected 37 (14.9%)
Feel they have an adequate immune system without the COVID-19 vaccine 30 (12.0%)
Want to wait until fully approved (not emergency use) for 5–11 year olds 14 (5.6%)
Doesn’t believe in any vaccines 9 (3.6%)
Transportation issues 4 (1.6%)
Reasons for receiving the COVID-19 vaccine n = 896 (%)
Concerned about getting COVID-19 629 (70.2%)
Didn’t want to transmit COIVD-19 to someone else 478 (53.3%)
Wanted to prevent the spread of COVID-19 466 (52.0%)
Clinician recommended the COVID-19 vaccine 382 (42.6%)
In high-risk health group 358 (40.0%)
To reduce the chance of other COIVD-19 variants from developing 311 (34.7%)
Lives with or has close contact with an individual in a high-risk health group 191 (21.3%)
COVID-19 vaccine received FDA approval 182 (20.3%)
Recommended by family/friends 171 (19.1%)
Friend/family was hospitalized/died from COVID-19 110 (12.3%)
Required for work/school 98 (10.9%)
Recommended by faith community 23 (2.6%)
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hesitancy rate (25%) in the general community of
individuals with disabilities [14]. Overall, this study
showed that being insured, having a high-risk condi-
tion, typically getting vaccines, and having a clinician
recommend the COVID-19 vaccine were associated
with higher odds of having had a COVID-19 vaccine.
The most common reasons for not getting a vaccine
were concerns about the safety and efficacy of the
vaccine. The results support prior research on vaccine
hesitancy and add important insights into vaccination
behavior and perceptions within the SB community.

Similar to previous data from the general popula-
tion and those in the disabled community [14, 17],
this study found that the most common reason for
not getting vaccinated was due to a concern about the
COVID-19 vaccine’s safety and efficacy. In a study by
Myers et al., concerns about the COVID-19 vaccine
and lack of trust in experts regarding COVID-19 were
significant factors in predicting vaccine hesitancy
[14]. This study demonstrated that the vaccination
rate of children with SB was significantly less than
adults with SB. This should be cautiously interpreted
as the survey was sent out only a few months after the
first COVID-19 vaccine was given emergency FDA
approval for children 5–11 years old [20]. This could
reflect the cautious approach to vaccination that many
parents of children under 12 years old in the general
population had at the time: four in 10 parents reported
that they “will wait and see how it is working” before
vaccinating their child [21]. The significance did not
change when this group age group was excluded
from the analysis. The adjustment model did not find
that education, gender, ethnicity, or geographic area
influenced vaccination status. This is in contrast to
other studies, which have suggested that those with-
out a bachelor’s degree [14], of the female gender
[6, 7, 9], of the Black race, of Latinx ethnicity [6,
7], and living in rural areas [7] are more COVID-19
vaccine-hesitant. While the predispositions for vac-
cine hesitancy may slightly differ between studies and
populations, the important question of why individ-
uals are reluctant to get the vaccine remains constant
– they do not think it is safe or effective. This is true
in studies on the general population [6, 7] and those
with disabilities [14, 17].

To improve COVID-19 vaccine uptake in the
COVID-19 vaccine-hesitant, the factors that drive
COVID-19 vaccination must be considered. In this
study sample, insured patients, those who typically
get vaccines, those with high-risk conditions, and
those who had their clinician recommend vaccina-
tion were more likely to have received a COVID-19

vaccine. Importantly, insurance status and clinician
recommendation were significant predictors of vac-
cination in all subgroups except children under 18
years old.

Insurance status was found to be a predictor of
COVID-19 vaccinations; this is interesting given that
the vaccines are covered by the federal government
for the uninsured [22]. This could be due to unin-
sured individuals’ lack of awareness of this fact, or
insurance status may be more reflective of improved
healthcare access. One straightforward way to tar-
get this would be through informational messaging
directed at the uninsured.

Importantly, this data suggests that healthcare pro-
fessional recommendation plays a significant role in
whether to get vaccinated or not. The vaccinated and
unvaccinated report that their primary care provider
is their most common source of health information.
However, only four in 10 individuals in the non-
vaccinated group (compared to eight in 10 in the
vaccinated group) said that a healthcare professional
recommended getting the COVID-19 vaccine. While
the low level of vaccine recommendation is alarm-
ing, this represents a clear opportunity to improve
COVID-19 vaccine messaging.

Given this study and the context discussed above,
there are significant implications for improving the
current approach to COVID-19 vaccine communica-
tion within the SB community. The data supports the
critical role of healthcare providers in personal vac-
cine decision-making. This role should not fall only
on primary care providers of SB patients but also the
specialty SB providers such as urologists, neurosur-
geons, and orthopedic surgeons. This is especially
pertinent since not all healthcare providers are perfect
messengers; about three in 10 primary care physi-
cians in the US lack very high confidence in the
COVID-19 vaccine [23]. Given this, the more fre-
quently a COVID-19 vaccine-positive message can
be delivered, the better. This responsibility should
fall on all providers caring for individuals with SB.

State and national organizations such as the SBA
should aim to structure COVID-19 vaccination mes-
sages to healthcare providers, individuals with SB,
and their care partners. Individuals who are unde-
cided about the importance of getting vaccinated or
unsure about getting vaccinated may be the best tar-
gets to reach with messaging. The safety and efficacy
of the vaccines should be essential themes in the mes-
saging. Other targets for messaging can be taken from
the reasons why vaccinated people chose to get vacci-
nated, including concerns about getting COVID-19, a
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desire to prevent a loved one from getting COVID-19,
and a desire to help prevent COVID-19 spread.

One final notable point about this study is that
18.9% of the respondents did not know if they or their
child had received the COVID-19 vaccine. While this
is a concerning finding, as it suggests a lack of health
awareness and low health literacy, it cannot be con-
cluded because it was not the aim of this study. Prior
studies have suggested that levels of health literacy
in care partners of individuals with SB are similar to
the general population and there is inadequate health
literacy among adolescents with SB compared to con-
trols in the general population [24].

The results of this study need to be considered
within the bounds of several limitations. The study
was a self-reported survey and thus may be lim-
ited by recall bias and socially desirable responses.
Furthermore, other characteristics could drive vac-
cination preferences that were not captured by the
study. One factor in particular, political affiliation,
likely does drive behavior [7, 14]. Political affil-
iation was not included since the association has
been well-established previously and the designers
of the survey did not want to give the participants the
impression that it was politicized. Given the study’s
cross-sectional nature, a snapshot of vaccine pref-
erences and intentions at a single moment in time
was captured. This study may not have perfectly
captured the demographics of SB; for instance, the
Latinx population was 10% of the survey respondents
while 22% of patients registered in the National Spina
Bifida Patient Registry are of Latinx ethnicity [25].
While the response rate for the email survey was 6%
and thus may not have captured the whole SB pop-
ulation, the margin of error is ± 2.6% (assuming a
confidence interval of 95% and that the US SB popu-
lation is 166,000 individuals [18]) and thus provides
some confidence in the reliability of the findings.
Finally, future studies should focus on how vaccine
preferences change over time and what factors drive
that change. This survey was administered over email,
which limited the external validity to those who had
access to email, computer/mobile devices, and the
ability to navigate a survey.

5. Conclusions

About one in five individuals with SB have not
received a single COVID-19 vaccine. Concerns over
vaccine safety and efficacy are the most common rea-
sons for vaccine hesitancy. Uninsured individuals are

more likely not to be vaccinated. In those vaccinated,
healthcare provider recommendations play a signifi-
cant role in their decisions. Vaccination efforts should
be directed toward SB healthcare providers and unin-
sured individuals. These efforts should emphasize the
safety and efficacy of the COVID-19 vaccines.
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