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Abstract: Background: Individuals with self-declared sarcoidosis are at increased risk of COVID-19 related
morbidity and mortality for which vaccination can be lifesaving. Despite this, vaccine hesitancy remains a large
barrier to global acceptance of vaccination against COVID-19. We aimed to identify individuals with sar-
coidosis who had and had not been vaccinated against COVID-19 vaccine to 1) establish a safety profile of
COVID-19 vaccination in those with sarcoidosis and 2) to elucidate factors that contribute to COVID-19
vaccine hesitancy. Methods: A questionnaire inquiring about COVID-19 vaccination status, vaccination side
effects, and willingness for future vaccination was distributed from December 2020 to May 2021 to individuals
with sarcoidosis living in the US and European countries. Details regarding sarcoidosis manifestations and treat-
ment were solicited. Vaccine attitudes were classified as pro or anti-COVID-19 vaccination for subgroup analy-
sis. Results: At the time of questionnaire administration, 42% of respondents had already received a COVID-19
vaccination, most of whom either denied side effects or reported a local reaction only. Those not on sarcoidosis
therapy were more likely to report systemic side effects. Among subjects who had not yet received a COVID-19
vaccine, 27% of individuals reported they would not receive one once available. Reasons against vaccination were
overwhelmingly related to the lack of confidence in vaccine safety and/or efficacy and less related to concerns
associated with convenience or complacency. Black individuals, women, and younger adults were more likely to
decline vaccination. Conclusions: Among individuals with sarcoidosis, COVID-19 vaccination is well-accepted
and well-tolerated. Subjects on sarcoidosis therapy reported significantly less vaccination side effects, and thus
the correlation between side effects, vaccine type, and vaccine efficacy requires further investigation. Strategies to
improve vaccination should focus on improving knowledge and education regarding vaccine safety and efficacy,
as well as targeting sources of misinformation, particularly in young, black, and female subpopulations.
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near-eradication of these diseases (1-3). In addi-
tion, while influenza remains a yearly seasonal threat,
there have been substantial mortality benefits to vac-
cination of at-risk-groups (4, 5). Current vaccine
recommendations are therefore intended to provide
direct individual protection as well as to achieve
herd immunity, both of which extend benefit to the
most vulnerable populations. By the time the first
COVID-19 vaccine was introduced in December
2020, there were more than 71 million confirmed
cases of COVID-19 infection with more than 1.7
million deaths globally (6). High risk individuals in-
clude those of older age, male sex, non-white race,
lower socioeconomic status, and those with various
comorbidities such as obesity, hypertension, immu-
nodeficiency, and chronic lung disease (7). National
and international governing bodies subsequently em-
phasized the need for vaccination in these higher-risk
populations to mitigate disease severity, hospitaliza-
tion, and death (8, 9).

Sarcoidosis is an immune-mediated inflam-
matory disease that results in granuloma formation
which subsequently risks multiorgan dysfunction.
While the etiology of sarcoidosis is largely unknown,
mechanisms driving the disease highlight defects in
innate, cellular, and adaptive immunity (10-16). Im-
mune dysfunction is compounded by the impact of
advanced structural lung disease (17) as well as fre-
quent need for immunosuppressive medications (18),
both of which may diminish inherent immune de-
fenses. Numerous studies support the increased risk
of infection in this population though the overall risk
of infection with COVID-19 specifically remains un-
clear (19-21). However, if infected with COVID-19,
sarcoidosis patients with moderate-severe pulmonary
dysfunction are at increased risk of infection-related
morbidity and mortality (22). In addition, individu-
als on chronic immunosuppressants have higher
mortality rates from COVID-19 infection (23).
Taken together, primary infection prevention with
vaccination is of great importance to protect this
population.

Unfortunately, despite the promise of protection
from a potentially deadly disease, attitudes towards
vaccinations vary. Vaccine hesitancy describes the un-
certainty or ambivalence that an individual may har-
bor regarding the need for vaccination. Reasons for
hesitancy are complex and have been modeled into
domains by the WHO Vaccine Hesitancy Working

Group. These domains include 1) confidence in the

effectiveness, safety, and delivery of the vaccine, as
well as perceived motivation of those recommending
the vaccine; 2) complacency, referring to the balance
of perceived risk of infection and need for vaccina-
tion to prevent the disease; and 3) convenience, or
the affordability, availability, and accessibility of the
vaccine (24). Overall, understanding the reasons for
vaccine hesitancy is crucial to develop strategies to
improve vaccine acceptance.

While the concept of vaccine hesitancy is well
recognized and extends to many vaccine types, the
study of the novel COVID-19 vaccines offers unique
insight into the raw attitudes towards vaccination,
particularly after their emergency-use introductions.
While phase three studies provided much needed
data regarding the safety profiles and efficacy of the
COVID-19 vaccines, questions regarding use in spe-
cific populations were left unanswered. The objec-
tive of this study was therefore two-fold; to assess
the global behaviors regarding COVID-19 vacci-
nation in individuals with sarcoidosis to 1) identify
self-reported safety profiles in those who received a
vaccine to better inform the sarcoidosis community
and 2) identify the characteristics and rationale of
those who are hesitant to receive the vaccination to
better target interventions to improve acceptance.

METHODS

A questionnaire (Supplement S1) to assess
the COVID-19 vaccination statuses and attitudes
among sarcoidosis subjects was developed jointly by
the University of Cincinnati (UC) and Albany Med-
ical Center (AMC) (authors MAJ, EEL, and RPB)
and appended to an existing questionnaire (19). The
amendment was approved by the University of Cin-
cinnati Institutional Review Board.

The UC/AMC questionnaire was distributed
via Redcap to subjects with sarcoidosis followed at
UC and posted on the Foundation for Sarcoidosis
Research (FSR) website. While the FSR has in-
ternational reach, the UC/AMC questionnaire was
only available in English. An Italian questionnaire
was adapted from the UC/AMC questionnaire, with
minimal variation owing to translation and regional
relevance, and distributed to individuals of the Ital-
ian Association for Sarcoidosis (ACSI, Amici Con-
tro La Sarcoidosi Italia). Both questionnaires were
distributed in the initial months of vaccine intro-

duction between December 2020 and May 2021.
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Questionnaire responses were collected in an anony-
mous manner without patient-identifiable informa-
tion and a question confirming consent was included.
The brand, type, or dose of COVID-19 vaccine was
not elicited in the questionnaire. Individuals without
sarcoidosis were excluded.

The questionnaire asked participants whether
they had already received a COVID-19 vaccine and,
if so, to identify any vaccine-related reactions expe-
rienced. As individuals may have responded to the
questionnaire before a vaccine was available to them,
those who had not received a vaccine were asked if
they would receive one once available. If the indi-
vidual was against receiving a COVID-19 vaccine,
they were asked to select a reason. Options included
safety concerns, concern for side-effects, perception
of lack of vaccine efficacy, prior COVID-19 infec-
tion with subsequent perception that the vaccine is
not needed, cost, and desire to review data regarding
the experience of vaccinated individuals. The UC/
AMC questionnaire further inquired about patient
demographics, country of residence, comorbidities,
COVID-19 infection history, and data involving
sarcoidosis organ manifestations and treatment. Sur-
vey participants were also asked if they had received
the influenza vaccine and answers were correlated to

COVID-19 vaccine attitudes.

Statistical analysis

All responses to the UC/AMC questionnaire
and Italian questionnaires were pooled. The primary
outcomes assessed included rates of vaccine admin-
istration at time of the questionnaire, as well as rates
of intended vaccination once the vaccine was avail-
able. Secondary outcomes included adverse reactions
among those who had already received COVID-19
vaccination and reasons against COVID-19 vac-
cination among those who declined the vaccine.
Vaccination reaction answer options varied among
questionnaires, so these results are reported sepa-
rately. Subgroups analysis was performed on the UC/
AMC questionnaire data to determine if reactions
experienced varied by use of sarcoidosis specific ther-
apy (i.e. no treatment versus any treatment). In ad-
dition, reactions were categorized into ‘no reaction”’,
‘local reaction only’ (i.e. sore arm), and ‘systemic
reaction’ (i.e. headache, fever, nausea, worsened sar-
coidosis) to evaluate any variation in age, sex, or race
among these subgroups. All subjects were reallocated

into a US and non-US based cohort for location spe-
cific analysis. Subjects were then categorized into
those who were pro-COVID-19 vaccine, as defined
by those who had already received or planned to re-
ceive a COVID-19 vaccine, and anti-COVID-19
vaccine which included subjects who indicated they
would not receive a vaccine. Reasons cited to not re-
ceive a COVID-19 vaccine were assessed among the
anti-COVID-19 vaccine group and compared among
US and non-US based subjects. Subgroup analyses
were then performed on the US-cohort by age, race,
sex, the presence of comorbidities, and receipt of the
influenza vaccine in the previous year. Age, race, and
sex were also assessed among individuals based on
their combined influenza and COVID-19 vaccine
attitudes.

Differences in categorical data were assessed for
significance using either the Chi-square test of in-
dependence or the Fisher’s exact test as appropriate.
Continuous data were assessed using the Wilcoxon
rank sum test for non-parametric data or students
t-test for parametric data as appropriate. Analyses
were performed in R version 4.1.2 (https://www.R
-project.org/) using the szats package (25). Odds ra-
tios were calculated for numerous variables utilizing

the epitools package (26).
REesuLts

A total of 1653 individuals with sarcoidosis
completed the vaccination questionnaires between
December 2020 and May 2021, of whom 1155
(70%) completed the UC/AMC questionnaire and
498 (30%) completed the Italian questionnaire
(Table 1). Of all respondents, 1063 (64%) lived in
the United States (US) while 587 (36%) lived in
other countries, including 500 from Italy, 42 from
Germany, 16 from the United Kingdom, 5 from
Canada, with the remaining 23 from other European,
African, and Asian countries. Most respondents were
women (65%). Race, which was only consistently
reported for respondents of the UC/AMC ques-
tionnaire, was predominantly white (66%). Details
regarding sarcoidosis organ involvement and treat-
ment are listed in Table 1.

At the time of questionnaire administra-
tion, 689 (42%) respondents had already received a
COVID-19 vaccination. This included 31% of UC/
AMC questionnaire respondents and 65% of Italian
questionnaire respondents, which likely reflected the
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Table 1. Demographics of questionnaire respondents.

n

Total respondents 1653
UC/AMC questionnaire 1155
Italian questionnaire 498

Country of Residence 1063
Uus 587
Non-US

Sex 1072
‘Women 578
Men

Already Received COVID-19 Vaccine 689

Race * 752 (66%)
White 377 (33%)
Black 19 (1%)
Other

History of COVID Infection 145 (14%)

Sarcoidosis Organ Involvement' 742 (71%)
Lung 107 (10%)
Heart 132 (13%)
Brain 430 (41%)
Other

Sarcoidosis Treatment* 304 (29%)
None 424 (40%)
Prednisone/Prednisolone 352 (33%)
MTX/AZA/Mycophenolate/Leflunomide 156 (15%)
Infliximab/A dalimumab 139 (13%)
HCQ or Chloroquine 29 (3%)
Rituximab 57 (5%)
Other

*Race data available for 1147 subjects (UC/AMC questionnaire)
fOrgan involvement data available for 1052 subjects (UC/AMC
questionnaire); ¥Treatment data available for 1055 subjects (UC/
AMC questionnaire); NA: not available.

geographic variability in COVID-19 vaccine intro-
duction during the time period that the questionnaire
was administered. Of those who answered the Ital-
ian questionnaire, 21% reported no side effects, while
others reported sore arm (55%), fatigue (38%), mus-
cle pain (25%), headache (24%), arthralgia (19%), GI
symptoms (16%), fever (11%), respiratory symptoms
(8%), and other (12%). Of those who answered the
UC/AMC questionnaire, a majority reported no
side effects (74%), while others reported ‘local re-
action only’ (i.e. sore arm, 10%) and ‘systemic reac-
tions’ (16%) which included fever (11%), worsening
sarcoid-related symptoms (7%), headache (3%), nau-
sea (2%), and other (4%). In addition, 96% of UC/
AMC respondents stated they would receive a repeat
dose of the COVID-19 vaccine in the future which
alludes to the overall tolerability of vaccine side ef-
fects in this group. Subgroup analysis was performed
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Figure 1. Odds of developing A) only local reaction and B) any
systemic reaction after receiving the COVID-19 vaccination for
various subgroups. ‘Other” race was excluded from statistical
analysis given low number of subjects. “Treatment’ refers to any
sarcoidosis specific therapy. The second variable listed in the y-axis

is considered the baseline variable.

to determine which factors were associated with re-
porting local or systemic side effects (Figure 1).
Overall, of those who reported ‘local reaction
only’, there was no difference in age, sex, race, or use
of sarcoidosis specific treatment. In contrast, indi-
viduals younger than 55 years, women, and those off
sarcoidosis therapy had a significantly greater odds of
reporting ‘systemic reactions’ (age <55: OR 2.07, 95%
CI 1.12-3.80, p-val 0.0165; women: OR 2.78, 95%
CI 1.35-6.26, p-va/ 0.0059; no treatment: OR 1.94,
95% CI 1.01-3.65, p-va/0.0390). Of the 964 individ-
uals who had not yet received a COVID-19 vaccine
at the time of the questionnaire, 18 subjects did not
answer the follow up question asking if they would
receive the vaccine once available and were excluded
from further analyses. Of the remaining 946 subjects,
73% reported they would receive a COVID-19 vac-
cine while 27% reported they would not (Table 2).
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Table 2. Intent to receive the COVID-19 vaccine and reasons against stratified by location.

Total Non-US Respondents US Respondents | pvalue
Have Not Received 964 (58.3%) 253 (43.1%) 709 (66.7%)
Will Receive Vaccine 687 / 946 (73%) 190 / 244 (78%) 495/700 (71%) | 0.0310
Will Not Receive Vaccine 259 /946 (27%) 54/ 244 (22%) 205/ 700 (29%) -
Reasons Cited to Not Receive Vaccine * 268 65 203
Confidence 205 (76%) 46 (71%) 159 (78%) 0.2112
Safety Concerns 45 (17%) 15 (23%) 30 (15%) 0.1192
Reaction to Vaccine 10 (4%) 6 (9%) 4 (2%) 0.0152
Does Not Think it will Help
Complacency 10 (4%) 5 (8%) 5 (2%) 0.0529
Prior COVID Infection / Won't Help
Convenience - NA 0 (0%) -
Cost
Waiting to observe vaccination outcomes 109 (41%) 8 (12%) 101 (50%) <0.0001
Other 12 (4%) 4 (6%) 8 (3.9%) 0.4927
*Multiple answers allowed; NA: not applicable.
Subjects were sub-grouped by country of resi- |
. Age 2 55yr vs. Age < 55yr{ o |
dence into a US and non-US based cohort for subse- g€ = 9oyTvs. Age < 5oyt |
quent analyses. Significantly more subjects from the !
US indicated they would not receive a COVID-19 Women vs. Men] ' e
vaccine than those from non-US countries (29% ver- i
sus 22%, p wvalue 0.0310). Concerns for safety and _ |
fear of reaction were the most cited reasons against a Black vs. White1 E
vaccine and indicated a general lack of confidence in !
the COVID-19 vaccines. Concern regarding a lack Prior COVID-19 Infection | !
. . vs. None ,
of efficacy was less commonly cited, but more likely [
to be reasoned by non-US respondents (9% versus |
2% in US respondents, p wa/ 0.0074). Complacency Comorbidities vs. None i
was also rarely cited, as only 3.7% of subjects felt that ﬁ
a personal history of COVID-19 infection would Declined Influenza vs. | ; o]
. . Received Influenza ]
negate the need for COVID-19 vaccination. Con- [

venience of vaccine as assessed by concern for cost,
was not cited by any US participants and was not
reported in the non-US survey, likely due to wide-
spread availability in surveyed countries, governmen-
tal funding, and/or nationalized health care. Finally,
significantly more US respondents stated they were
waiting to observe COVID-19 vaccination out-
comes before making a final decision on receiving
a COVID-19 vaccine (50% versus 12% non-US re-
spondents, p va/ <0.0001).

To better target interventions to improve vac-
cine acceptance, subgroup analyses were performed
on the US participants based on various demographic

factors (Figure 2).

-0.5 0.0 0.5 1.0 1.5
Odds Ratio, Log10 (95% CI)

Figure 2. Odds of expressing anti-COVID-19 vaccination at-
titudes for various subgroups within the US-residing cohort
are shown. Prior Infection refers to self-reported history of
COVID-19 infection. Comorbidities includes COPD/asthma,
cancer, diabetes, heart disease, and/or hypertension. The second
variable listed in the y-axis is considered the baseline variable.

While most surveyed subjects were pro-
COVID-19vaccine, those whowere anti-COVID-19
vaccine were significantly younger (median age 53.9
years versus median age 58.1 years, p-va/ <0.0001;
<55 year OR 1.72,95% CI 1.25-2.33, p-va/ 0.0006)
and consisted of more women (OR 1.89, 95%
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Figure 3. Odds of having declined the influenza vaccine among
various subgroups within the US-residing cohort are shown.
The second variable listed in the y-axis is considered the baseline
variable.

CI 1.33-2.73, p-va/ 0.0004) and black individuals
(OR 2.16, 95% CI 1.58-2.95, p-val <0.0001). In ad-
dition, those who had declined the influenza vaccine
had a significantly higher odds of being anti-COVID
(OR 13.73,95% CI 9.43-20.19, p va/ <0.0001).

Lastly, to assess generalizability of COVID-19
vaccination attitudes, decision to have received the
influenza vaccine was assessed among age, sex, and
race subgroups (Figure 3).

Younger individuals (age <55 years) had a signif-
icantly higher odds of declining the influenza vaccine
than older individuals (OR 2.13, 95% CI 1.52-2.94,
p-val <0.0001). In contrast to anti-COVID-19 vac-
cine attitudes, black individuals had a non-significant
trend towards increased influenza vaccine refusal
(OR 1.37,95% CI 0.97-1.92, p-val 0.0725) whereas
influenza refusal was not significantly associated
with sex.

Discussion

In summary, our study is an international evalu-
ation of COVID-19 vaccine behaviors and attitudes
among individuals with sarcoidosis. Our findings
indicate the COVID-19 vaccines were well ac-
cepted at time of introduction as most respondents
had already received a vaccine or indicated willing-
ness to receive a COVID-19 vaccine once avail-
able to them. Concern for safety remains the largest
barrier to receiving a COVID-19 vaccine, to which
the safety profile elucidated by our study speaks di-
rectly. While younger age was more likely to be both
anti-COVID-19 vaccine and anti-influenza vaccine,
black race and female sex indicated vaccine hesitancy
that was COVID-19 specific.

The COVID-19 pandemic had profound im-

pact on everyday life which led governments and

pharmaceutical companies to spend billions of dollars
on vaccine development to decrease the severity and
the risk of the spread of COVID-19. Emergency use
authorization of various COVID-19 vaccines, with
an efficacy of as high as 95% and mild yet tolerable
safety profiles, was granted by February 2022 (27-30).
Unfortunately, the proportion of people question-
ing vaccines has long been a growing threat (31).
Concerns are generally related to lack of confidence
of the vaccine, complacency surrounding the per-
ceived risk of disease, and convenience of vaccine
accessibility, which is further compounded by the in-
fluence of the media, the internet, health care policy,
and health care professionals (24, 31). In regards
to the COVID-19 vaccine, the rapidity of the vac-
cine development and roll-out process with subse-
quent concern that approval will occur before safety
and effectiveness are fully understood contributes to
vaccination hesitancy (32). Moreover, not only does
COVID-19 vaccine acceptance depend on the type
of vaccine offered, but it also varies based on the in-
dividuals most trusted source of information(33). As
such, misinformation is a plausible contributor to
fear of vaccination, and when spread by social media
is more likely to be endorsed by younger individuals
(34, 35). In addition, mistrust of health care, lower
levels of knowledge and awareness, and sociopolitical
factors further complicate overall attitudes(36, 37).
Despite the evidence underlying vaccine mechanism,
efficacy, and safety, individuals opt out of vaccination
for complex reasons ultimately risking the ability to
achieve herd immunity and protect our most vulner-
able populations.

While moderate and severe impairment in pul-
monary function is associated with increased covid
mortality in sarcoidosis, our prior research in a
small cohort of sarcoidosis subjects who underwent
BNT162b2 vaccination indicates that they have
comparable immunity post-COVID-19 vaccination
when compared to the general population(17, 22,
31, 38), arguing for a need to overcome vaccine hesi-
tancy this group. In our study, sarcoidosis patients in
the US were more likely to decline the COVID-19
vaccine than non-US participants. When the spe-
cific reasons to decline COVID-19 vaccination were
investigated, safety was the largest concern for both
cohorts. It is unclear if these concerns extend to gen-
eral safety or sarcoidosis-related safety, as the po-
tential for triggering sarcoidosis-like symptoms has

been reported with COVID-19 vaccination (39, 40).
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While the survey did not point to an explanation for
this geographic difference, considerations include
variations in the type of vaccine offered regionally,
variation in local health care provider beliefs and
management, and/or differences in health care pol-
icy, as all have been found to influence COVID-19
vaccine hesitancy (33, 36, 41). Notably, a majority of
UC/AMC respondents indicated preference to wait
for more outcome data prior to making a final deci-
sion on COVID-19 vaccination, which may suggest
a desire to learn more about safety profiles.

Among respondents in the US cohort, younger
individuals, female sex, and black race were the most
likely to be anti-COVID-19 vaccine, which largely
echoes findings of existing studies (36, 41-43).
Opverall, older individuals are more likely to be con-
cerned about COVID-19 and its detrimental health
consequences compared to younger individuals(44)
and therefore more likely to accept COVID-19
vaccine. In contrast, younger individuals are more
subject to misinformation regarding COVID-19
vaccination and therefore may be less trust-
ing of receiving it (34). Interesting, anti-vaccine
views of younger individuals extended beyond the
COVID-19 vaccine as younger respondents in our
cohort had higher rates of declining the influenza
vaccine as well. Black individuals and women are
also significantly more likely to be anti-COVID-19
vaccine, which is particularly interesting as both de-
mographics are more likely to perceive COVID-19
as a major health threat (44). In general, black in-
dividuals have a higher level of distrust in medical
research (37) which potentially extends to attitudes
regarding receipt of a newly developed vaccine.
Interventions to improve vaccination rates should
therefore focus on improving overall confidence
and trust in the COVID-19 vaccine in these popu-
lations. Efforts should be made to increase general
knowledge and education of the COVID-19 vac-
cines, of which this manuscript may contribute, as
well as to decrease misinformation that may reach
these vulnerable populations. In addition, as minor-
ities may be less likely to participate in research (37)
efforts should be made to increase participation of
these minority groups to improve generalization of
findings to these populations.

Despite limited data on the safety of COVID-19
vaccination in sarcoidosis subjects, which is the ma-
jor contributor to vaccine hesitancy in our popula-
tion, vaccination is strongly recommended based

on expert opinion(40). Our findings, though retro-
spective and subject to recall bias, demonstrate that
vaccination against COVID-19 was generally well
tolerated in subjects with sarcoidosis with mild side
effects in a minority of patients comparable to what
is experienced by the general population (27-30).
Interestingly, those on sarcoidosis treatment were
significantly less likely to experience systemic side
effects. This suggests that side effects are limited by
anti-inflammatory therapy use directly, or alterna-
tively, limited by the underlying sarcoidosis activity
that requires treatment. Additionally, despite com-
parable immunity observed in those on and off sar-
coidosis specific treatment suggested by our prior
observations of BNT162b2 vaccination in sarcoido-
sis, the lack of reported side effects in this study
raises concerns since decreased vaccine efficacy has
been observed in other immunosuppressed popula-
tions (45, 46).There was noticeable difference in the
rates of various reactions reported by the UC/AMC
and Italian questionnaires. It is unclear if these dif-
ferences reflect demographics, sarcoidosis disease se-
verity or need for treatment as suggested by analyses
of the UC/AMC questionnaire, as this specific data
was unavailable for the Italian questionnaire. Alter-
natively, a history of COVID infection or variation
in vaccine brand administered may be relevant. Thus,
further investigation is warranted to elucidate the
association between side effects and vaccine brand,
type, and efficacy in subjects with sarcoidosis to in-
form vaccination strategies in this population.
Limitations of our study include an overwhelm-
ing representation of the US and European popu-
lations; therefore, conclusions should be cautiously
generalized to underrepresented geographical re-
gions. Given minimal variation in questionnaires,
to include discrepancy in the provided responses
to vaccine side effects, some answers may be under
reported. Questionnaires also did not consistently
inquire about vaccine type, so conclusions as to hesi-
tancy towards or side effects of specific vaccines can-
not be gleaned. Finally, we report on attitudes and
behaviors towards COVID-19 vaccination from the
early period of vaccine introduction. While this in-
formation is still very relevant in providing informa-
tion to target interventions, the evolution of vaccine
willingness has likely evolved throughout the pan-
demic because of changes in the perceived risk of
COVID-19 infection (47, 48), emotional effects of

lockdowns and their resolution (49), the emergence
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of new variants, and the development of novel vac-
cines with improved safety profiles.

Despite these limitations, we report the first
study evaluating vaccine behaviors and attitudes in
subjects with sarcoidosis, explore COVID-19 side
effects, and evaluate reasons associated with hesi-
tancy to receive the COVID-19 vaccine. Overall,
vaccination against COVID-19 is considered safe
in subjects with sarcoidosis, regardless of immuno-
suppressive medications, with mild tolerable side ef-
fects comparable to that of the general population.
Subjects most at risk to decline COVID-19 vaccine
were identified as young, black, and/or female and
cited lack of confidence in vaccine safety and effi-
cacy as the largest barrier to vaccine acceptance. Our
study not only informs strategies to improve educa-
tion regarding side effects, but also identifies sub-
populations towards whom interventions should be
targeted, with overall intent to increase the rate of
vaccination against COVID-19.

CoNcLusION

Vaccination against COVID-19 is generally ac-
cepted and well tolerated among subjects with sar-
coidosis. Of those who exhibit hesitancy towards
vaccination, confidence in vaccine safety is the largest
barrier. Interventions to improve vaccination rates
should focus on increasing knowledge of vaccine
safety, work to limit misinformation, and improve
minority participation in safety studies to help gen-
eralize results to all populations.
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APPENDIX
Supplementary file
Confidential
. N . N Page 1
COVID vaccination questionnaire
Please complete the survey below.
Thank you!
By completing this questionnaire, you are agreeing to O Yes
have this data shared with others and understand that O No
a summary of data may be published.
DO YOU AGREE
IF YOU DO NOT AGREE, NO NEED TO COMPLETE QUESTIONNAIRE
PLEASE ANSWER THE FOLLOWING QUESTIONS ABOUT O Yes
VACCINATION O No
Did you receive the flu vaccine this year?
If yes, is this the first time you have taken flu O Yes
vaccine? O No
If not, can you give a reason (more than one can be (] I never take a flu vaccination
checked) [11 have never been asked to take/offered a flu
vaccination
[] Concern about safety
[ Cost

[] Reaction to vaccine
[] Fear of reaction to vaccine
[] Do not think it will help me

] Other
Comment Flu vaccine no
Have you received the COVID-19 vaccine? O Yes
O No
Reaction to COVID vaccine 1 No problem
[] Sore arm
[] Headache
[[] Worsening of sarcoidosis
[ Other
[] Nausea
] fever
Reaction comment
If vaccinated for COVID-19, when:
If you have not received the COVID-19 vaccine, will O Yes
you take the COVID-19 vaccine when available? O No

05/27/2021 10:22am projectredcap.org *El)(:apr
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Confidential

Page 2

If you will not take the COVID-19 vaccine, can you
give a reason (more than one can be checked)

[] Concern about safety

[J Cost

[] Reaction to vaccine

[J Do not think it will help me

[] Had COVID-19 and do not think | need vaccine
[] Waiting for how others do before | decide

[] Other
Comment for not taking COVID vaccine
If you have received the vaccine, would you be willing O Yes
to take another vaccine? O No
Have you been infected with COVID-19? QO Yes
O No

If yes, what was outcome (may choose more than one)

[] Treated only at home

[ I was hospitalized but did not go to an intensive
care area

[] Treated at any time in an intensive care area

[] At any time on a ventilator (breathing machine)

If yes, when were you infected

Have any people who live in the same house/apartment QO Yes

as me been diagnosed with COVID-19 (corona virus)? O No

In relation to my infection with COVID 19, the people QO Before
who live with me were infected: O After

O Some before/some after
O Same time as me

Contact at work with COVID 19 infected person QO Yes
O No
Are you a health care provider? O Yes
O No

I have the following medical conditions (check all
that apply)

[] Sarcoidosis
[] COPD/Asthma
[] Cancer

[] Diabetes

[] Heart disease
[] Hypertension
[] Other

If sarcoidosis, how many years have you had
sarcoidosis?

Age (in years)

Year of birth

05/27/2021 10:22am
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Confidential

Page 3

Your race (check all that apply) [ Black
[ White
[J Asian
[] Other
[] Prefer not to answer
Sex QO Female
O Male
O Prefer not to answer
| live in the United States QO Yes
O No
| live in following state
I live in the following country
IF | HAVE SARCOIDOSIS, PLEASE ANSWER THE FOLLOWING [ Lung
QUESTIONS [J Heart
[ Brain
| have sarcoidosis in the following areas of my body [J Other

(check all that apply)

IF | HAVE SARCOIDOSIS, PLEASE ANSWER THE FOLLOWING
QUESTION

| have been treated in past 3 months for sarcoidosis
with (check all that apply)

[J Prednisone/prednisolone

[] Methotrexate/azathioprine (Imuran)/mycophenolate
(cellcept)/ or leflunomide (arava)

[ Infliximab (remicade/renflexis/inflectra)/ or
adalimumab (humira)

[] Hydroxychloroquine (plaquenil)/ or chloroquine

[] Rituximab (Rituxan)

[] Other chemotherapy

[] Other

[] None

Current daily dose of prednisone or prednisolone (mg)

Range pred dose

(O 1-10 mg a day
(O More than 10 mg a day

IF I HAVE SARCOIDOSIS, PLEASE ANSWER THE FOLLOWING
QUESTION

In the past, have you been treated for sarcoidosis
with (check all that apply)

[] Prednisone/prednisolone

[J Methotrexate/azathioprine (Imuran)/mycophenolate
(cellcept)/ or leflunomide (arava)

[ Infliximab (remicade/renflexis/inflectra)/ or
adalimumab (humira)

[J Hydroxychloroquine (plaquenil)/ or chloroquine

[ Rituximab (Rituxan)

[] Other chemotherapy

[ Other

[] None

Is this the initial questionnaire?

05/27/2021 10:22am
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O No
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