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ABSTRACT

Background: Widespread vaccination against COVID-19 is essential to control the pandemic. Estimates of
unwillingness and uncertainty toward COVID-19 vaccination and factors associated with it remain unclear
among adults in Puerto Rico (PR).

Objective: To examine factors associated with uncertainty and unwillingness of COVID-19 vaccination
among adults in PR.

Methods: The Health Belief Model was used to develop an online survey. Analyses included adjusted logistic
regressions (aOR). A total of 1,911 adults completed the survey from December 2020 to February 2021.
Results: Overall, 76.2% were females, 33.7% were aged 50 or older, and 82.7% reported an intent to get
vaccinated. Individuals who did not perceive that their chances of getting COVID-19 were high
(@OR = 2.94; 95%Cl = 2.24-3.86), that getting COVID-19 was not a possibility for them (aOR = 2.86; 95%
Cl = 2.19-3.74), or unafraid of getting COVID-19 (aOR = 3.80; 95%C| = 2.76-5.23) had higher odds of
uncertainty and unwillingness to get vaccinated against COVID-19. Participants who perceived that
COVID-19 complications were not serious also had higher odds of uncertainty and unwillingness
(@OR = 7.50; 95%Cl = 3.94-14.3), whereas those who did not perceive that they would get very sick
with COVID-19 had 89% increased odds. Those who agreed that they would only take the vaccine if many
individuals took it had higher odds of uncertainty and unwillingness (aOR = 3.32; 95%Cl = 2.49-4.43). The
most reported reasons for uncertainty and unwillingness toward COVID-19 vaccination were vaccine
safety (63.8%), efficacy (49.4%), and novelty (45.5%).

Discussion: Although COVID-19 vaccination intent was high, the study highlights concern over vaccine
safety and efficacy that should be addressed by public health campaigns and interventions to enhance
vaccine uptake.
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Introduction

The coronavirus SARS-CoV-2 has been a global health emer-
gency for more than one year, with approximately 95 million
cases and over 2 million deaths reported worldwide." In the
United States (US), ethnic disparities in SARS-CoV-2 infec-
tions have been documented, with Hispanic communities
(15.5%) having more than twice the positivity rate of non-
Hispanic White communities (7.1%),” and being twice as likely
to die from COVID-19 and three times more likely to be
hospitalized with the virus.” Reasons for these disparities are
due, in part, to inequities in healthcare access and exposure risk
(i.e., population density) and higher prevalence of chronic
conditions among Hispanics (i.e., obesity and type 2
diabetes).* In Puerto Rico (PR), as of February 15, 2021, there
were 90,429 confirmed COVID-19 cases and 1,920 deaths.”
Half of the cases are people between 20 and 49 years, whereas
80% of COVID-19 deaths are in individuals 60 years or older.”

The control of the COVID-19 pandemic largely relies on
acquiring herd immunity, which is estimated to be 70%.° Thus,
widespread vaccination against COVID-19 is essential to control
the pandemic and recover from it. Although there are several
vaccines available, there has been skepticism around these novel
vaccines. A mixed-methods study in the US reported concerns
about the vaccine, including its safety, rigor of testing, novelty,
and lack of trust in the government.” Studies that have evaluated
COVID-19 vaccination intent report rates between 54% to 86%
of probable or a definite intent to get vaccinated.””'* In PR,
a two-phased cross-sectional survey conducted first between
November 20" to 23™, 2020 and then during February 25™-
28", 2021 showed that vaccination intent against COVID-19
was 55% during the first time point and 83% in the second
one.”” However, another poll conducted on December 20
reported that the vast majority (91%) of teachers had an intent
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to get vaccinated.'® The wide range of vaccination intent
reported by these studies warrants further investigation.

The Health Belief Model (HBM) was developed to help under-
stand and predict health behaviors, including vaccination.'” This
model consists of several constructs, including perceived suscept-
ibility, perceived severity, perceived benefits, perceived barriers,
and cues to action (a trigger to engage in the desired health
behavior). Several studies have examined HBM constructs and
COVID-19 vaccination intent."'>'*"** For example, a study in
Malaysia found that the strongest predictors of vaccination intent
were perceived benefits and susceptibility.'® This knowledge can
help develop persuasive messages for public health campaigns to
help reach the target immunization rate. This information is of
utmost importance in PR given the high rates of comorbid chronic
conditions in the population.”* Additionally, at the time of writing,
according to the Centers for Disease Control and Prevention, PR
has the second-lowest overall COVID-19 vaccination rate
nationwide.”* Thus, given the research gaps and the vulnerability
of the PR population, the objectives of this study were to document
the uncertainty and unwillingness to receive a COVID-19 vaccine
among adults in PR and to understand influencing factors to
bolster vaccination intent in this population.

Methods
Study design and participants

A cross-sectional study was performed to collect data through
a convenience sampling approach, using an anonymous web-
based questionnaire, given that resources and pandemic restric-
tions limited the implementation island-wide sampling procedure.
To calculate the sample size for this survey, we hypothesized that at
a 95% confidence interval, 48% of the respondents intend to get
vaccinated at a margin of error + 3%. Thus, the minimum target
sample size was found to be around 1065 respondents.

The online questionnaire was developed in Google Forms, and
the link was distributed through institutional newsletters, aca-
demic groups, organizations, and social network pages. The web-
based questionnaire was open to the public for participation from
December 15, 2020, to February 15, 2021. Individuals were eligible
for study participation if: 1) they were 18 years or older, 2) resided
in PR, 3) had access to an electronic device (i.e., computer, phone,
or tablet) to complete the online questionnaire, and 4) were able to
answer the questionnaire in Spanish.

An online information sheet detailing the study was avail-
able for the public as part of the survey’s first page. Interested
individuals then completed eligibility questions on age and
place of residence. If a person was not eligible, the survey
notified them that they were ineligible and the platform auto-
matically closed the survey. Eligible individuals proceeded to
complete the study questionnaire, after which they received
a note encouraging them to share the survey link with their
contacts. Participants did not receive compensation for com-
pleting the survey. The Institutional Review Board of the
University of Puerto Rico-Medical Sciences campus approved
the study (IRB protocol number: 6050220).

Study measures

The web-based questionnaire was developed from a literature
review. It contained sections from several scales used in previous
studies,”'® which were translated to Spanish (the dominant
language in business, education, and daily life in PR) by the
first author, reviewed by an expert group (coauthors), and pilot
tested in a small group of men and women (n = 7; men = 1;
women = 6) of varying ages (20-58y) for comprehension. The
survey was designed to collect data on intent to get vaccinated
against COVID-19, and information on socio-demographic,
behavioral, and clinical characteristics, health literacy, and beliefs
about COVID-19 and vaccination against it.

Intent to get vaccinated against COVID-19

Similar to the study conducted by Fisher and colleagues,” vaccina-
tion intent was assessed, with the question: “When a vaccine for
the coronavirus becomes available, will you get vaccinated?”.
Response options were “Yes”, “No” and “Unsure”. A fourth option
stating “I already got the vaccine” was added given vaccine avail-
ability. Participants who responded “No” and “Unsure” were
asked: “What makes you unwilling (or unsure) to get the vaccine?”.
Response options were abstracted from a previous study and
include: Already got COVID-19, Safety, Efficacy, Cost, Lack of
health insurance, Do not like needles/shots, Not in a high-risk
group, Do not trust what the government says about COVID-19,
Novelty of the vaccine, Rigor of testing, Religious beliefs, and
Other (which were then specified in a text field).” For descriptive
purposes, intent to get vaccinated was evaluated with the three
possible response options (yes, no, and unsure).

Beliefs about COVID-19 and vaccination against it

HBM constructs were used to assess beliefs about COVID-19
and vaccination against it. As in Wong et al., three items were
used to measure perceived COVID-19 susceptibility (i.e., My
chance of getting COVID-19 in the next few months is high,
I am worried about the likelihood of getting COVID-19, and
Getting COVID-19 is currently a possibility for me) and severity
(i.e., The complications from contracting COVID-19 are serious,
I will be very sick if I get COVID-19, and I am afraid of getting
COVID-19), two items for perceived benefits toward COVID-19
vaccination (i.e., Vaccination is a good idea because it makes me
feel less worried about catching COVID-19, and Vaccination
decreases my chances of getting COVID-19 or its complications)
and cues to action for vaccination (i.e., I will only take the
COVID-19 vaccine if I was given adequate information about
it, and I will only take the COVID-19 vaccine if the vaccine is
taken by many in the public), and three items for barriers for
COVID-19 vaccination (i.e., I worry the possible side-effects of
COVID-19 vaccination would interfere with my usual activities,
I am concerned about the efficacy of the COVID-19 vaccination,
and I am concerned about the safety of the COVID-19 vaccina-
tion). Response options to all items were “Agree” or “Disagree”
to reduce participant burden.'®



COVID-19 experience and socio-demographic, behavioral,
and clinical characteristics

Socio-demographic characteristics collected included: age, sex,
education, municipality of residence, annual household income,
ethnicity, health insurance, smoking, employment status, and
marital status. Municipalities were further categorized according
to the regions of the PR Department of Health (Arecibo,
Bayamon, Caguas, Fajardo, Mayagiiez/Aguadilla, Metropolitan,
and Ponce). We also collected data on smoking status, having
received the influenza vaccine in the previous year, and overall
trust in vaccines. Religiosity was assessed with one item that
asked about the importance of religion in the person’s life, with
response options ranging from less important to very
important.** Health literacy was measured with one item that
asked about the person’s confidence in filling out medical forms
by themselves (range of response options: extremely uncomfor-
table to extremely comfortable).**** Individuals rated their
health status (with responses ranging from poor to excellent)
and reported any existing health conditions or chronic diseases.
Health conditions were categorized as respiratory, psychiatric,
endocrine, cardiovascular, and other (i.e., cancer, autoimmune,
rheumatic, neurological, kidney, and liver diseases). For multi-
variable models, these conditions were collapsed to create
a variable that defined the presence of any condition. COVID-
19 experience was assessed with two items that asked if the
person knows someone who had COVID-19 and if they had to
care for someone with the disease.

Statistical analysis

Sample characteristics and HBM constructs were contrasted by
COVID-19 vaccination intent status using chi-square tests or
Fisher’s exact tests, when appropriate. For each HBM con-
struct, a multivariable binary logistic regression was used to
assess the odds of unwillingness or uncertainty to get vacci-
nated against COVID-19 (using the “yes” group as the refer-
ence category) due to small frequencies. As in previous
studies,”'® models were adjusted for age, sex, education,
income, health region, influenza vaccine, confidence in filling
out medical records, religiosity, and disease history.
Multicollinearity between the independent variables was
checked with tolerance and variance inflation factors. Model
fit was evaluated using the Hosmer and Lemeshow’s goodness-
of-fit test. Statistical analyses were conducted using STATA for
Windows release 15.0 (StataCorp L.P., College Station, Texas).

Results

A total of 2,233 surveys were submitted. Of these, 21 respon-
ders declined to participate, 31 did not reside in PR, and 1 was
under 18 years old. Of the remaining 2,180 surveys, 235 were
eliminated due to duplicates (reporting the same set of
responses for all items). Responders who reported being
already vaccinated against COVID-19 (n = 34) were further
excluded. Individuals who reported being vaccinated, com-
pared to those who were unwilling, were more likely to be
employed, gotten the flu vaccine, trusted vaccines, knew some-
one with COVID-19, and had to care for someone with
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COVID-19 (data not shown). The final analytic sample con-
sisted of 1,911 surveys.

Overall, three-fourths of the sample were female, the major-
ity self-reported being Puerto Rican and having health insur-
ance, approximately 65% had less than 50 years, and over half
were married or living with their partner (Table 1). Almost half
had a graduate degree and received the influenza vaccine in the
previous year, and most were from the Metropolitan health
region. Three-fourths self-reported having at least one chronic
disease. Over 50% reported that religiosity was important for
them and were very or extremely comfortable filling out med-
ical forms by themselves. Lastly, approximately 80% knew
someone who had COVID-19, but less than 1 in 10 had to
care for someone with the disease. Compared to the estimated
population of PR in 2019, our sample had a greater proportion
of women (76.2% vs. 53.3%) and younger adults (less than
50 years: 66.3% vs. 49.7%) (Supplemental Table 1).

More than 80% of the sample reported an intent to get
vaccinated against COVID-19, whereas 6.5% had no intent,
and 11% were unsure. Survey responders who reported no
intent to get vaccinated or being unsure were more likely to
be female, between the ages of 30-39 years, had lower income
and did not have a history of any disease (Table 1). Those who
had not received the influenza vaccine in the previous year did
not trust vaccines and were not extremely comfortable filling
out medical forms by themselves reported no intent to get
vaccinated or being unsure. Participants from the Fajardo
health region had the lowest intent to get vaccinated. Lastly,
those with lower perceived health and greater religiosity were
more likely to be unsure about getting vaccinated.

Perceived susceptibility and severity to COVID-19 and ben-
efits of vaccination against it were high among survey responders
(Table 2). More than 80% reported that vaccines would make
them feel less worried about getting COVID-19 and decrease
complications of the illness. A substantial proportion reported
vaccination barriers, with approximately 40% reporting con-
cerns about the vaccine’s safety, efficacy, and side effects.
Lastly, the most reported cue to action was receiving enough
information about the vaccine. In bivariate analyses, a greater
proportion of individuals who had lower perceived susceptibility
and severity to COVID-19, and lower perceived benefits of
vaccination against it, reported vaccination unwillingness and
uncertainty (Table 2). A larger proportion of individuals with
barriers to getting vaccinated reported being less likely to get
vaccinated. Lastly, individuals who reported only taking the
vaccine if given enough information about it or if enough people
get it were more likely to be unsure about getting vaccinated.

Table 3 shows the unadjusted and adjusted logistic regression
models of HBM constructs associated with unwillingness or
uncertainty to get vaccinated. After adjusting for covariates,
participants who did not perceive that their chances of getting
COVID-19 were high, that getting COVID-19 was not
a possibility for them, or were unafraid of getting COVID-19
had about three times the odds of no intent to get vaccinated or
being unsure about it. Similarly, compared to those who per-
ceived that they would get very sick from COVID-19, those who
perceived that they would not had more than twice the odds of
not getting vaccinated or being unsure about it. In addition,
participants who were not worried about getting COVID-19 or
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Table 1. Sample characteristics by vaccination intent status from an online survey among adults residing in Puerto Rico (n = 1911).

Characteristic

Vaccination intent

Total sample Yes No Unsure
n=1911 (%) n = 1577 (82.5%) n =123 (6.5%) n =211 (11.0%) p value
Sex? <0.001

Female 1444 (76.2) 1171 (81.1) 100 (6.90) 173 (12.0)

Male 451 (23.8) 399 (88.5) 18 (4.00) 34 (7.50)
Ethnicity® 0.345

Puerto Rican 1788 (94.1) 1475 (82.5) 114 (6.40) 199 (11.1)

Other 113 (5.9) 99 (87.6) 6 (5.30) 8 (7.10)
Age group (years) 0.026

18-29 481 (25.1) 408 (84.8) 5(5.20) 8 (10.0)

30-39 361 (18.9) 277 (76.7) 0 (8.30) 4 (15.0)

40-49 426 (22.3) 349 (81.9) 4 (8.00) 43 (10.1)

>50 643 (33.7) 543 (84.5) 4 (5.30) 6 (10.2)
Health insurance 0.082

Yes 1847 (96.6) 1530 (82.8) 115 (6.30) 202 (10.9)

No 64 (3.4) 47 (73.4) 8 (12.5) 9 (14.1)
Marital status 0.418

Married/living with partner 1069 (55.9) 878 (82.1) 65 (6.10) 126 (11.8)

Divorced/single/separated/widowed 842 (44.1) 699 (83.0) 58 (6.90 85 (10.1)
Highest education level 0.147

High school graduate or less 70 (3.7) 57 (81.4) 4 (5.70) 9(12.9)

Associate degree 168 (8.8) 144 (85.7) 8 (4.80) 16 (9.50)

Some college 101 (5.3) 78 (77.2) 12 (11.9) 1(10.9)

Undergraduate degree 691 (36.2) 559 (80.9) 44 (6.40) 8 (12.7)

Masters 537 (28.0) 439 (81.8) 6 (6.70) 62 (11.5)

Doctoral degree 344 (18.0) 300 (87.2) 19 (5.50) 25 (7.30)
Employment status 0.682

Working 1256 (65.7) 1042 (83.0) 81 (6.50)

Not working 655 (34.3) 535 (81.7) 42 (6.40) 78 (11.9)
Annual household income <0.001

<$20,000 325 (17.0) 259 (79.7) 25 (7.70) (12 6)

$20,001-$40,000 474 (24.8) 369 (77.8) 36 (7.60) 9 (14.6)

$40,001-$75,000 461 (24.1) 386 (83.7) 28 (6.10) (10 2)

>$75,000 466 (24.4) 423 (90.8) 19 (4.10) 24 (5.20)

Prefer not to answer 185 (9.7) 140 (75.7) 15 (8.10) 0(16.2)
History of at least one disease 0.045

Yes 1433 (75.0) 1196 (83.5) 81 (5.60) 156 (10.9)

No 478 (25.0) 381 (79.7) 42 (8.80) 55(11.5)
Current smoker 0.605

Yes 110 (5.8) 87 (79.1) 8 (7.30) 15 (13.6)

No 1801 (94.2) 1490 (82.7) 115 (6.40) 196 (10.9)
Received influenza vaccine in the previous year <0.001

Yes 966 (50.5) 904 (93.6) 11 (1.10) 51 (5.30)

No 945 (49.5) 655 (71.2) 112 (11.9) 160 (16.9)
Trust in vaccines (general trust) <0.001

Yes 1739 (91.0) 1540 (88.6) 51 (2.90) 148 (8.50)

No 172 (9.0) 37 (21.5) 72 (41.9) 63 (36.6)
Knows someone who had COVID-19 0.118

Yes 1600 (83.7) 1333 (83.3) 98 (6.10) 169 (10.6)

No 311 (16.3) 244 (78.5) 25 (8.00) 42 (13.5)
Had to care for someone with COVID-19 0.881

Yes 168 (8.8) 141 (83.9) 10 (6.00) 17 (10.1)

No 1743 (91.2) 1436 (82.4) 113 (6.50) 194 (11.1)
Importance of religiosity 0.008

Less important 411 (21.5) 357 (86.8) 27 (6.60) 7 (6.60)

Somewhat important 338 (17.7) 274 (81.1) 23 (6.80) 1(12.1)

Important 498 (26.1) 418 (83.9) 21 (4.20) 59 (11.9)

Very important 664 (34.7) 528 (79.5) 52 (7.80) 4 (12.7)
Perceived health <0.001

Poor/regular 183 (9.5) 146 (79.8) 11 (6.00) 26 (14.2)

Good 483 (25.3) 404 (83.6) 17 (3.50) 62 (12.8)

Very good 796 (41.7) 655 (82.3) 47 (5.90) 4 (11.8)

Excellent 449 (23.5) 372 (82.9) 48 (10.7) 29 (6.50)
Confidence filling up medical forms 0.001

Extremely/a little uncomfortable 99 (5.2) 79 (79.8) 8 (8.10) 12 (12.1)

Neutral 404 (21.1) 311 (77.0) 26 (6.40) 7 (16.6)

Very comfortable 544 (28.5) 446 (82.0) 35 (6.40) 63 (11.6)

Extremely comfortable 864 (45.2) 741 (85.8) 54 (6.20) 69 (8.00)
Health region 0.009

Mayagiiez/Aguadilla 229 (12.0) 183 (79.9) 22 (9.60) 24 (10.5)

Arecibo 112 (5.9) 88 (78.6) 7 (6.30) 7 (15.1)

Bayamon 289 (15.1) 241 (83.4) 19 (6.60) 9 (10.0)

Metropolitan 667 (34.9) 578 (86.7) 34 (5.10) 55 (8.20)

Fajardo 64 (3.4) 47 (73.4) 6 (9.40) 11 (17.2)

(Continued)
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Table 1. (Continued).

Characteristic Vaccination intent

Total sample Yes No Unsure

n=1911 (%) n = 1577 (82.5%) n =123 (6.5%) n =211 (11.0%) p value
Caguas 260 (13.6) 203 (78.1) 23 (8.90) 34 (13.0)
Ponce 290 (15.1) 237 (81.7) 12 (4.10) 41 (14.2)

216 participants reported “prefer not to answer”. ®10 had missing data. Row percentages are shown.

Table 2. Bivariate association between health belief model constructs and vaccination intent among adults in Puerto Rico.

Characteristic Vaccination intent
Yes No Unsure
Total sample n=1,577 n=123 n=211
n=191 (82.5%) (6.5%) (11.0%) p value
Perceived susceptibility
My chance of getting COVID-19 in the next few months is high <0.001
Agree 1,094 (57.3) 977 (89.3) 25 (2.30) 92 (8.40)
Disagree 817 (42.7) 600 (73.4) 98 (12.0) 119 (14.6)
| am worried about the likelihood of getting COVID-19 <0.001
Agree 1,784 (93.3) 1525 (85.5) 70 (3.90) 189 (10.6)
Disagree 127 (6.7) 52 (40.9) 53 (41.7) 22 (17.4)
Getting COVID-19 is currently a possibility for me <0.001
Agree 1,315 (68.8) 1159 (88.1) 45 (3.40) 111 (8.50)
Disagree 596 (31.2) 418 (70.1) 78 (13.1) 100 (16.8)
What would you think will happen if you get COVID-19 <0.001
| do not think | will get COVID-19 251 (13.1) 183 (72.9) 40 (15.9) 28 (11.2)
I think I will get a mild case 1,002 (52.4) 831 (82.9) 61 (6.10) 110 (11.0)
| think | will get very sick 591 (30.9) 511 (86.5) 18 (3.10) 62 (10.4)
Does not apply (already got COVID-19) 67 (3.5) 52 (77.6) 4 (6.00) 11 (16.4)
Perceived severity
The complications from contracting COVID-19 are serious <0.001
Agree 1,854 (97.0) 1554 (83.8) 100 (5.40) 200 (10.8)
Disagree 57 (3.0 23 (40.4) 23 (40.4) 11 (19.2)
I will be very sick if | get COVID-19 <0.001
Agree 1,212 (63.4) 1043 (86.1) 45 (3.70) 124 (10.2)
Disagree 699 (36.6) 534 (76.4) 78 (11.2) 87 (12.4)
| am afraid of getting COVID-19 <0.001
Agree 1,627 (85.1) 1400 (86.1) 58 (3.60) 169 (10.3)
Disagree 284 (14.7) 177 (62.3) 65 (22.9) 42 (14.8)
Perceived benefits
Vaccination is a good idea because it makes me feel less worried about catching COVID-19 <0.001
Agree 1,591 (83.3) 1473 (92.6) 18 (1.10) 100 (6.30)
Disagree 320 (16.7) 104 (32.5) 105 (32.8) 111 (34.7)
Vaccination decreases my chances of getting COVID-19 or its complications <0.001
Agree 1,686 (88.2) 1528 (90.6) 26 (1.60) 132 (7.80)
Disagree 225 (11.8) 49 (21.8) 97 (43.1) 79 (35.1)
Perceived barriers
| worry the possible side-effects of COVID-19 vaccination would interfere with my usual <0.001
activities
Agree 733 (38.4) 445 (60.7) 104 (14.2) 184 (25.1)
Disagree 1,178 (61.6) 1132 (96.1) 19 (1.60) 27 (2.30)
| am concern about the efficacy of the COVID-19 vaccination <0.001
Agree 807 (42.2) 516 (63.9) 108 (13.4) 183 (22.7)
Disagree 1,104 (57.8) 1061 (96.1) 15 (1.40) 28 (2.50)
I am concerned about the safety of the COVID-19 vaccination <0.001
Agree 772 (40.4) 465 (60.2) 112 (14.5) 195 (25.3)
Disagree 1,139 (59.6) 1112 (97.6) 11 (1.00) 16 (1.40)
Cues to action
I will only take the COVID-19 vaccine if | am given adequate information about it <0.001
Agree 1,159 (60.7) 940 (81.1) 45 (3.90) 174 (15.0)
Disagree 752 (39.3) 637 (84.7) 78 (10.4) 37 (4.90)
| will only take the COVID-19 vaccine if the vaccine is taken by many in the public <0.001
Agree 368 (19.3) 236 (64.1) 22 (6.00) 110 (29.9)
Disagree 1,543 (80.7) 1341 (86.8) 101 (6.60) 101 (6.60)

Row percentages are shown.
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perceived that its complications were not serious had approxi-
mately eight times the odds of unwillingness and uncertainty. In
contrast, those who did not perceive that they would get very sick
with COVID-19 had 89% increased odds. Those who agreed that
they would only take the vaccine if many in the public take it had
three times the odds of unwillingness and uncertainty compared
to those who did not agree. Lastly, barriers to get vaccinated were
also associated with higher odds of unwillingness and uncer-
tainty; however, these estimates are not reliable due to small cell
size and wide confidence intervals.

We further explored reasons for unwillingness and uncer-
tainty for getting vaccinated against COVID-19 (Table 4).
Amongst the most reported reasons were: (1) vaccine safety
(63.8%), (2) vaccine eflicacy (49.4%), (3) novelty of the vaccine
(45.5%), (4) rigor of vaccine testing (41.6%), and (5) lack of trust
in the government (31.4%). Survey responders who had no
intent to get vaccinated were more likely to report a lack of
trust in the government, religious beliefs, and having a specific
health condition or treatment as reasons not to get vaccinated. In
contrast, responders who were unsure were more likely to report
concerns over vaccine safety as a reason for being hesitant.

Discussion

To our knowledge, this study is the first to use the HBM to
understand vaccination intent in adults in PR. Our results indi-
cate that vaccination intent is high in this sample. However, low
perceived disease susceptibility and severity and vaccination
benefits were associated with unwillingness and uncertainty to
get vaccinated. Additionally, vaccination barriers and not having
enough information about the vaccine were associated with no
intent or unsure to get vaccinated. Lastly, our study documented
that vaccine safety, efficacy, novelty, rigor of testing, and govern-
ment mistrust were the most common reasons for having no
intent or unsure to get vaccinated.

The proportion of participants reporting an intent to get
vaccinated (82.7%) is within the worldwide range of 54% to
86%.”'* Our study had a similar prevalence of vaccination
intent as in the second time point (February 2021) of the
Centers for Disease Control and Prevention Community
Assessment for Public Health Emergency Response
(CASPER) conducted in PR, which was reported to be at
83%. However, caution needs to be taken when comparing
vaccination intent across studies and time points. As discussed
in Kukreti et al, willingness to get vaccinated is influenced by
the current status of COVID-19 cases in each country.”® For
example, in Taiwan, willingness to vaccinate during a period
without community outbreaks and transmission was consider-
ably low (23% among healthcare workers and 31% among
outpatients).”® Thus, although we cannot compare our results
to studies in other countries and at earlier time points in PR,
more research is needed to continue monitoring vaccination
intent on the island as the pandemic evolves and vaccination
becomes more readily available.

Our results of perceived disease susceptibility and severity,
vaccination benefits, and barriers being associated with vaccina-
tion intent are in agreement with previous studies that have
evaluated similar HBM constructs."'">'*>° For example, an
online survey performed in a sample of Malaysian adults

(n = 1,159; 66% female) found that those who believed that
getting COVID-19 was a possibility (perceived disease suscept-
ibility) were 36% more likely to report an intent to get vaccinated
than those who did not.'® This same study showed that those
who believed that COVID-19 complications were serious (per-
ceived severity) were 63% more likely to get vaccinated than
those who did not. Similar associations with perceived vaccina-
tion benefits and barriers were reported. For instance, believing
that vaccination decreases the chances of getting COVID-19 was
associated with twice the odds of reporting an intent to get
vaccinated. In contrast, concerns about the vaccine’s side effects
were linked with lower odds of vaccination intent. Other studies
in Europe and China found that individuals with lower concerns
about the vaccines’ efficacy and safety were associated with
greater vaccination intent,'>*’ further supporting our findings.

In our sample, several socio-demographic characteristics
were linked with vaccination intent. For example, we found
that women were more likely than men to report unwillingness
or uncertainty toward vaccination. Other studies have also docu-
mented similar sex differences.'"'* Although reasons for this
disparity are still unknown, uncertainty on the vaccine’s safety
for pregnant and breastfeeding women, two reasons reported in
our sample, may play a role given that pregnant women were
excluded from vaccine trials.?” Additionally, differences in hes-
itancy may be due to the higher rates of COVID-19 deaths in
men than in women, and to the fact that men may engage more
in risky behaviors than women.”® Nonetheless, research explor-
ing and documenting factors associated with women’s COVID-
19 vaccine hesitancy is critical to address concerns in this sub-
group. As in previous studies,” our data also showed that survey
responders who were not vaccinated against influenza were less
likely to report an intent to get vaccinated. Additionally, our
study documented lower vaccination intent among individuals
with greater religiosity. This finding is consistent with a recent
study that found that religiosity was negatively associated with
the intention to vaccinate against COVID-19 and a person’s
belief that their health depended on external factors (external
locus of health control; i.e., God) mediated this association.?
Lastly, our data showed differences in vaccination intent by
annual household income. Individuals with lower income were
more likely to report no intent to get vaccinated or being unsure
about it. Other studies have also documented similar socioeco-
nomic status differences.'>'* Israel has already documented
lower COVID-19 vaccination rates in areas of low socioeco-
nomic status,” citing lack of resources and the novelty of the
vaccine as potential reasons for the disparity. In our sample, the
Fajardo health region had the lowest vaccination intent.
Although more research is needed to understand differences in
vaccination intent by health region, individuals from this zone
reported lower SES than others, such as the Bayamén and
Metropolitan regions. Thus, future research needs to examine
reasons for lower vaccination intent and vaccination rates in
socioeconomically disadvantaged individuals to avoid exacerbat-
ing existing COVID-19 disparities.

In our sample, there were notable concerns about the
novel vaccines. Approximately 40% reported being worried
about the vaccines’ side effects, safety, and efficacy. Our
data shows that these were the top reasons for individuals
reporting uncertainty and unwillingness to get vaccinated.
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Table 3. Association of the Health Belief Model constructs with intent to get vaccinated against COVID-19 among adults in Puerto Rico.

No intent to get vaccinated or unsure
Crude OR (95% Adjusted OR (95%

HBM construct Cl) p value Cl) p value
Perceived susceptibility
My chance of getting COVID-19 in the next few months is high
Agree 1.00 1.00
Disagree 3.02 (2.36, 3.87) <0.001 2.94 (2.24, 3.86) <0.001
| am worried about the likelihood of getting COVID-19
Agree 1.00 1.00
Disagree 8.49 (5.82, 12.4) <0.001 7.87 (5.09, 12.1) <0.001
Getting COVID-19 is currently a possibility for me
Agree 1.00 1.00
Disagree 3.16 (2.48, 4.02) <0.001 2.86 (2.19, 3.74) <0.001
What would you think will happen if you get COVID-19
| do not think | will get COVID-19 2.37 (1.65, 3.41) <0.001 2.29 (1.52, 3.44) <0.001
I think | will get a mild case 1.31(0.99, 1.75) 0.062 1.28 (0.92, 1.76) 0.142
I think | will get very sick 1.00 1.00
Does not apply (already got COVID-19) 1.84 (0.99, 3.43) 0.054 1.61 (0.81, 3.23) 0.176
Perceived severity
The complications from contracting COVID-19 are serious
Agree 1.00 1.00
Disagree 7.66 (445, 13.2) <0.001 7.50 (3.94,143)  <0.001
| will be very sick if | get COVID-19
Agree 1.00 1.00
Disagree 1.91 (1.50, 2.42) <0.001 1.89 (1.43,2.43) <0.001
| am afraid of getting COVID-19
Agree 1.00 1.00
Disagree 3.72 (2.82,4.92) <0.001 3.80 (2.76,5.23)  <0.001
Perceived benefits
Vaccination is a good idea because it makes me feel less worried about catching COVID-19
Agree 1.00 1.00
Disagree 25.9 (19.2, 35.0) <0.001 236 (16.9,33.0)  <0.001
Vaccination decreases my chances of getting COVID-19 or its complications
Agree 1.00 1.00
Disagree 34.7 (24.3, 49.6) <0.001 28.6 (19.3, 42.3) <0.001
Perceived barriers
| worry the possible side-effects of COVID-19 vaccination would interfere with my usual
activities
Agree 159 (11.5,22.2) <0.001 13.4 (9.5, 19.1) <0.001
Disagree 1.00 1.00
| am concern about the efficacy of the COVID-19 vaccination
Agree 13.9 (9.93, 19.5) <0.001 12.7 (8.83,18.1)  <0.001
Disagree 1.00 1.00
| am concerned about the safety of the COVID-19 vaccination
Agree 27.2 (18.1, 40.9) 25.5 (16.6, 39.3) <0.001
Disagree 1.00 1.00
Cues to action
| will only take the COVID-19 vaccine if | was given adequate information about it
Agree 1.29 (1.01, 1.65) 0.043 1.27 (0.97, 1.66) 0.085
Disagree 1.00 1.00
| will only take the COVID-19 vaccine if the vaccine is taken by many in the public
Agree 3.71 (2.86, 4.81) <0.001 3.32(2.49, 4.43) <0.001
Disagree 1.00 1.00

Intent to get vaccinated against COVID-19 used as the reference group. All models are adjusted for: sex, age, education, income, health region, history of flu vaccine,

confidence in filling out medical records, importance of religion, having a disease.

Thus, although vaccination intent was considerably high,
reported vaccine acceptance may not directly translate into
actual behavior, and there is a need for existing education
campaigns to address these concerns. Given that lack of
trust in the government was among the top five reasons for
not reporting an intent to get vaccinated, education mes-
sages and campaigns need to be delivered and implemented
by other groups, such as community leaders, public health
and professional organizations, and healthcare providers.
Nonetheless, formative research is needed to identify effec-
tive public health campaign strategies.

Our findings have important public health implications. We
showed that HBM constructs were strong predictors of
COVID-19 vaccination intent, indicating a useful framework
for public health campaigns and interventions to enhance
COVID-19 vaccination confidence and uptake in adults in
PR. In addition, the documented concerns on the vaccines’
safety, efficacy, and side effects highlight the critical need for
public health campaigns and interventions that focus on
increasing the perceptions of vaccine benefits and decreasing
the identified barriers. Differences in vaccination intent by
socio-demographic factors underscore the importance of
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Table 4. Reasons for being unsure or having no intent to get vaccinated among adults in Puerto Rico.

Vaccination intent

Total sample No Unsure
(n =334) (n=123) (n=211)
Reason n (%) n (%) n (%) p value
Already got COVID-19 16 (4.8) 4 (3.30) 12 0.429
(5.70)
Vaccine safety 213 (63.8) 66 (53.7) 147 (69.7) 0.003
Vaccine efficacy 165 (49.4) 60 (48.8) 105 (49.8) 0.862
Lack of health insurance 4(1.2) 0 (0.00) 4 (1.90) 0.301
Do not like needles/vaccines 24 (7.2) 7 (5.70) 17 (8.10) 0.419
Not in a high-risk group 40 (12.0) 20 (16.3) 20 (9.50) 0.066
Lack of trust in what the government says about COVID-19 105 (31.4) 54 (43.9) 51 (24.2) <0.001
Novelty of the vaccine 152 (45.5) 53 (43.1) 99 (46.9) 0.498
Rigor of vaccine testing 139 (41.6) 57 (46.3) 82 (38.9) 0.181
Religious beliefs 15 (4.5) 12 (9.8) 3(1.40) 0.001
Being pregnant 7 (2.1) 2 (1.60) 5 (2.40) 0.999
Allergies or adverse reaction 23 (6.9) 7 (5.70) 16 (7.60) 0.510
Side effects 18 (5.4) 7 (5.70) 11 (5.20) 0.852
Breastfeeding 10 (3.0) 3 (2.40) 7 (3.30) 0.751
Do not believe in vaccines 4(1.2) 4 (3.30) 0 (0.00) 0.018
Health conditions or treatment 7 (2.1) 3 (2.40) 4 (1.90) 0.711
Other 15 (4.5) 8 (6.50) 7 (3.30) 0.175

Column percentages are shown.

tailoring public health campaigns’ messages to specific sub-
groups of the population (women and underprivileged indivi-
duals). Such interventions need to incorporate non-
government groups (i.e., community leaders, public health
and professional organizations, and healthcare providers) for
delivery and implementation, given the documented mistrust
in the government to enhance COVID-19 vaccine uptake
in PR.

Our findings need to be taken with certain limitations in mind.
Given the pandemic’s restrictions, our study relied on an online
survey for data collection. This strategy may have introduced
selection bias as documented by our large proportion of females,
younger individuals, and individuals with higher education and
income (a common source of bias occurring with online
surveys).”*> Thus, our results may not be generalizable to the
adult population in PR. Future studies in the island need to
expand similar surveys to other population subgroups, including
men, older age, and lower socioeconomic status. In addition, at
the time the study was conducted there were no validated scales to
measure COVID-19 vaccination intent. Currently, there are sev-
eral validated scales available to measure vaccination intent and
drivers of vaccination acceptance that future studies should to
incorporate to have a better understanding of willingness to get
vaccinated against COVID-19.**** Additionally, the lack of vali-
dated scales and instruments in Spanish, and the limited resources
and time constraints of the pandemic, did not allowed for stan-
dard translation procedures such as backtranslation, testing of the
translated measures through cognitive interviews, and proper
validation of the measures used. Thus, future studies are needed
to test the translated materials and its psychometric properties.
Despite these limitations, our study provides essential guidance to
address COVID-19 vaccination confidence and uptake in PR.
Additionally, our questionnaire was informed by the HBM,
which is one of the most commonly used frameworks to under-
stand health behaviors'” and as such has already been used in
other studies evaluating COVID-19 vaccination intent and its
predictors.'>!>182

In conclusion, this study documented COVID-19 vaccination
unwillingness and uncertainty in a sample of adults in PR and
specific predictors associated with it, including perceived disease
susceptibility, vaccination benefits, barriers, and specific cues to
action. It also documented significant concerns over vaccine safety
and efficacy that education campaigns and future interventions
will need to address. Lastly, studies are required in order to under-
stand vaccination intent and its predictors in specific subgroups.
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