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Abstract: Individuals with Down syndrome (DS) are among the groups with the highest risk for
severe COVID-19. Better understanding of the efficacy and risks of COVID-19 vaccines for individuals
with DS may help improve uptake of vaccination. The T21RS COVID-19 Initiative launched an
international survey to obtain information on safety and efficacy of COVID-19 vaccines for individuals
with DS. De-identified survey data collected between March and December 2021 were analyzed.
Of 2172 individuals with DS, 1973 (91%) had received at least one vaccine dose (57% BNT162b2),
107 (5%) were unvaccinated by choice, and 92 (4%) were unvaccinated for other reasons. Most
participants had either no side effects (54%) or mild ones such as pain at the injection site (29%),
fatigue (12%), and fever (7%). Severe side effects occurred in <0.5% of participants. About 1% of the
vaccinated individuals with DS contracted COVID-19 after vaccination, and all recovered. Individuals
with DS who were unvaccinated by choice were more likely to be younger, previously recovered
from COVID-19, and also unvaccinated against other recommended vaccines. COVID-19 vaccines
have been shown to be safe for individuals with DS and effective in terms of resulting in minimal
breakthrough infections and milder disease outcomes among fully vaccinated individuals with DS.

Keywords: Trisomy 21; down syndrome; COVID-19; SARS-CoV-2; BNT162b2; mRNA-1273; ChA-
dOx1 nCoV-19; Ad26.COV2.S; vaccine hesitancy

1. Introduction

Down syndrome (DS), the chromosomal disorder caused by the complete or partial
trisomy of chromosome 21, is the most common genetic cause of intellectual disability
worldwide, affecting around 1 in 732 live births [1]. DS is associated with immune dysregu-
lation as well as several co-morbid health conditions that increase their risk for respiratory
tract infections [2]. Individuals with DS are amongst the groups with the highest risk for
hospitalization and mortality following infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [3–6]. Several studies have shown that hospitalized COVID-19
patients with DS are three to ten times more likely to die than those without DS [3,4,7].
Specific immune-dysregulation, accelerated aging, and co-morbid health conditions such
as obesity, obstructive sleep apnea, diabetes, and congenital heart disease are likely con-
tributory factors to this increase in risk [8]. In addition, there are several social factors that
further increase these individuals’ risk of contracting COVID-19, such as persons with
DS being more likely to live in residential care homes, where COVID-19 outbreaks have
been well documented [9,10]. Therefore, implementing measures to protect this vulnerable
patient group is of critical importance.

Vaccination programs are crucial for reducing morbidity and mortality from SARS-CoV-2
infection. As of 6 December 2021, the World Health Organization has issued emergency
use listing for eight COVID-19 vaccinations, and over 7 billion vaccine doses have been ad-
ministered worldwide [11]. Individuals with DS have been prioritized in several countries
for urgent vaccination [12,13]. Vaccines have been deemed to be safe and effective against
reducing mortality and hospitalization, and these benefits have been shown to outweigh
the currently known side effects [14]. However, further study into COVID-19 vaccine
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response is needed in individuals with DS, as the immune dysregulation associated with
the condition, specifically in response to viruses, combined with their complex comorbidity
profiles may result in a different side effect profile and may also affect vaccine efficacy. For
example, it has been shown that children with DS have a lower immune response to the
influenza vaccination than children without DS [15,16] but a good immune response to a
pneumococcal booster [16] and Hepatitis A vaccines [17].

Many individuals with DS have reduced capacity to make informed decisions about
receiving the COVID-19 vaccination, which means that decisions may need to be made by
caregivers or parents. A better understanding of the efficacy and risks of the COVID-19
vaccines may help provide individuals with DS and their caregivers factual information on
which to base their decisions.

In order to obtain large-scale information on the safety and efficacy of the COVID-19
vaccines for individuals with DS and factors that influence the decision to receiving the
vaccine, the Trisomy 21 Research Society (T21RS) launched an international online survey,
with input from stakeholders including leading clinicians and DS organizations (details
provided in the acknowledgements).

2. Methods
2.1. T21RS DS Survey

In March 2020, we developed an online survey to identify COVID-19 patients with
DS to understand how they are affected by COVID-19 and if they are more vulnerable to
severe COVID-19 than the general population. Details and results from our survey have
been published previously [3,18,19].

Two equivalent surveys were developed, one to be completed by caregivers/family
members of COVID-19-affected individuals with DS and one to be completed by clinicians.
The survey collected information on: (1) basic demographics; (2) living situation during the
pandemic; (3) pre-existing health conditions, vaccinations and medications; (4) SARS-CoV-2
testing; (5) COVID-19 signs and symptoms; (6) hospital and ICU admission; (7) complica-
tions associated with SARS-CoV-2 infection (clinician only); (8) medications and treatments
used during COVID-19 illness (clinician only); and (9) status at last evaluation. The survey
was implemented through the REDCap survey and database management system [20,21]
and was hosted at Emory University.

In March 2021, we extended this initial survey by including questions related to the
COVID-19 vaccination. In addition to the information above, our extended survey now
includes questions related to vaccination status (e.g., vaccinated yes/no, how many doses
of which vaccine, reasons for not being vaccinated), side effects after vaccination, and
breakthrough infections.

The updated survey was translated into seven different languages and distributed
in Europe, Asia, United States, Canada, and Latin America through clinical routes (e.g.,
Down syndrome medical interest group listservs and health service providers) and Down
syndrome associations in the US, India, Spain, UK, France, Italy, Germany, Canada, Brazil,
and Spanish-speaking Latin America, and DS registries (e.g., NIH DS-Connect®), as well as
via the T21RS website. Each institution that planned to disseminate the survey within health
services obtained IRB/ethics approval (Table S1). The study was performed according to
the Declaration of Helsinki and national guidelines and regulations for data privacy, and
all participants provided informed consent. All data were anonymized according to good
clinical practice guidelines and data protection regulations. For this analysis, we included
data from all participants that were entered between 1 March 2021 and 12 December 2021.

2.2. Statistical Analysis

Only individuals with information on age and gender were included in the analyses.
We used descriptive statistics to show the study characteristics of the participants included
in our analyses, stratified by vaccination status (vaccinated, unvaccinated by choice, un-
vaccinated for other reasons), and a description of side effects and their severity with
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additional information about the type of vaccine. To prevent study participants from being
included twice in the analyses (reported by both caregiver and clinician), we excluded
duplicated participants based on age, country/region, place of residence, ethnicity, trisomy
type, and other specific demographics and comorbidities. In total, we identified 48 potential
duplicates between the caregiver and clinician surveys, from which we only included the
clinician information in the final analysis sample.

To identify factors associated with the decision not to be vaccinated among individu-
als with DS or their caregivers, we conducted adjusted logistic regression analyses with
vaccination status as dependent variable (unvaccinated by choice versus vaccinated (refer-
ence category)). We investigated associations between vaccination status and age, gender,
country of residence, level of intellectual disability, residential setting (living at home with
family (reference group) versus other living conditions (living alone with support, small
group home with support, residential care facility, other)), previous SARS-CoV-2 infection,
vaccination status related to other optional vaccines (influenza, pneumococcal, human
papillomavirus (HPV)), and various comorbidities as independent variables in individual
regression analyses. We only included comorbidities that were present in at least 15% of
our study samples to reduce the burden of multiple testing and the chance of false positives
due to small numbers of cases. All associations were adjusted for age, gender, country, and
residential setting unless one of these covariates was the independent variable of interest.

We performed all data analyses using R (version 4.1.1) [22].

3. Results
3.1. Description of Study Population

Of the 2172 records in our analysis sample entered between 1 March 2021 and 12
December 2021, 1973 individuals with DS were vaccinated (91%), 107 (5%) were unvac-
cinated by choice, and 92 (4%) were unvaccinated for other reasons (Table 1). Most data
were reported by family members or caregivers (1792 (83%)) and the remaining data were
entered by a clinician. Mean age (SD) was 28 (12) years (vaccinated: 28 (12) years, unvac-
cinated by choice: 21 (8) years, unvaccinated for other reasons: 22 (10) years) and 1173
(54%) were male. Most individuals with DS lived in the USA (836 (39%)), followed by
Brazil (256 (12%)), Italy (246 (11%)), UK (224 (10%)), and Canada (134 (6%)). The majority
of participants lived at home with their family (1825 (87%)), particularly among those who
were unvaccinated (unvaccinated by choice: 102 (96%), unvaccinated for other reasons (76
(96%)). Overall, 280 of the 2172 participants (13%) had a previous SARS-CoV-2 infection.
Of these, 259 participants (93%) had COVID-19 before being vaccinated. On average, the
participants had 1.5 comorbidities (SD = 1.4), with thyroid disorders (1050 participants
(53%)), obstructive sleep apnea (545 (29%)), and obesity (546 (29%)) being the most com-
mon comorbidities. Most participants were vaccinated against influenza (1494 (84%)). In
addition, 742 (53%) were vaccinated against pneumococcal disease and 483 (35%) against
HPV. These are optional but recommended vaccines in most countries.

Table 1. Study characteristics of the overall study population and subgroups stratified by vaccinated,
unvaccinated by choice, and unvaccinated for other reasons.

Overall Vaccinated Unvaccinated
by Choice

Unvaccinated for
Other Reasons 1

N 2172 1973 107 92
Age (mean (SD)) 27.57 (12.09) 28.14 (12.14) 20.70 (7.89) 23.34 (11.78)

Gender (%)
Female 996 (45.9) 911 (46.2) 50 (46.7) 35 (38.0)
Male 1173 (54.0) 1059 (53.7) 57 (53.3) 57 (62.0)
Other 3 (0.1) 3 (0.2) 0 (0.0) 0 (0.0)
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Table 1. Cont.

Overall Vaccinated Unvaccinated
by Choice

Unvaccinated for
Other Reasons 1

Country (%)
USA 836 (38.9) 758 (38.8) 58 (56.3) 20 (22.0)

Brazil 256 (11.9) 248 (12.7) 0 (0.0) 8 (8.8)
Italy 246 (11.5) 234 (12.0) 6 (5.8) 6 (6.6)

United Kingdom 224 (10.4) 211 (10.8) 7 (6.8) 6 (6.6)
Canada 134 (6.2) 122 (6.2) 10 (9.7) 2 (2.2)
France 127 (5.9) 124 (6.3) 2 (1.9) 1 (1.1)
India 104 (4.8) 71 (3.6) 0 (0.0) 33 (36.3)
Spain 62 (2.9) 60 (3.1) 1 (1.0) 1 (1.1)

Ireland (Republic) 29 (1.4) 23 (1.2) 3 (2.9) 3 (3.3)
Australia 25 (1.2) 21 (1.1) 3 (2.9) 1 (1.1)
Germany 18 (0.8) 12 (0.6) 6 (5.8) 0 (0.0)
Other 2 87 (4.1) 69 (3.5) 7 (6.8) 11 (12.0)

Level of intellectual disability (%)
Borderline/Mild 542 (26.1) 495 (26.2) 27 (26.5) 20 (22.7)

Moderate 1254 (60.3) 1136 (60.2) 60 (58.8) 58 (65.9)
Severe/Profound 282 (13.6) 257 (13.6) 15 (14.7) 10 (11.4)

Type of Trisomy 21 (%)
Full/standard 1815 (93.6) 1649 (93.7) 92 (95.8) 74 (89.2)

Mosaic 63 (3.2) 57 (3.2) 2 (2.1) 4 (4.8)
Translocation 56 (2.9) 50 (2.8) 2 (2.1) 4 (4.8)

Partial trisomy 5 (0.3) 4 (0.2) 0 (0.0) 1 (1.2)
Living situation before the

COVID-19 outbreak (%)
Living at home with family 1825 (86.5) 1642 (85.5 102 (96.2) 81 (96.4)
Living alone with support 63 (3.0) 61 (3.2) 2 (1.9) 0 (0.0)

Small group home with support 133 (6.3) 130 (6.8) 2 (1.9) 1 (1.2)
Residential care facility 45 (2.1) 45 (2.3) 0 (0.0) 0 (0.0)

Other 35 (1.7) 33 (1.7) 0 (0.0) 2 (2.4)
Living alone with no support

(autonomously) 10 (0.5) 10 (0.5) 0 (0.0) 0 (0.0)

Survey completed by caregiver (%) 1792 (82.5) 1643 (83.3) 101 (94.4) 48 (52.2)
SARS-CoV-2 infection (%)

Before vaccination 259 (11.9) 183 (9.3) 24 (22.4) 52 (56.5)
Between 1st and 2nd dose 13 (0.6) 13 (0.6) 0 (0.0) 0 (0.0)

After 2nd dose 8 (0.4) 8 (0.4) 0 (0.0) 0 (0.0)
Vaccinated for COVID-19 (%) 1973 (90.8) 1973 (100.0) 0 (0.0) 0 (0.0)

2nd dose of COVID vaccination (%) 1723 (92.6) 1723 (92.6) NA NA
Obesity (%) 546 (28.9) 490 (28.5) 21 (22.8) 35 (44.3)

Alzheimer disease/dementia (%) 94 (5.1) 86 (5.2) 0 (0.0) 8 (9.8)
Thyroid disorder (%) 1050 (52.7) 969 (53.4) 49 (51.6) 32 (38.1)
Seizures/epilepsy (%) 115 (6.2) 102 (6.0) 3 (3.4) 10 (12.2)

Blood cancer (%) 14 (0.8) 12 (0.7) 0 (0.0) 2 (2.5)
Other cancer (%) 6 (0.3) 4 (0.2) 0 (0.0) 2 (2.4)

Immuno-compromised (%) 53 (2.9) 40 (2.4) 1 (1.1) 12 (15.4)
Obstructive sleep apnea (%) 545 (29.4) 491 (29.2) 18 (20.5) 36 (45.0)

Hypertension (%) 47 (2.5) 33 (2.0) 2 (2.2) 12 (14.8)
Diabetes (%) 60 (3.2) 50 (3.0) 4 (4.5) 6 (7.3)

Cerebrovascular disease (%) 16 (0.9) 14 (0.8) 1 (1.1) 1 (1.2)
Coronary heart disease (%) 58 (3.1) 48 (2.9) 1 (1.1) 9 (11.4)
Chronic renal disease (%) 26 (1.4) 20 (1.2) 3 (3.3) 3 (3.8)
Chronic liver disease (%) 30 (1.6) 26 (1.6) 0 (0.0) 4 (4.9)
Chronic lung disease (%) 156 (8.4) 128 (7.6) 2 (2.2) 26 (32.9)

Celiac disease (%) 130 (7.0) 112 (6.6) 9 (10.1) 9 (11.4)
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Table 1. Cont.

Overall Vaccinated Unvaccinated
by Choice

Unvaccinated for
Other Reasons 1

Gastroesophageal reflux (%) 260 (13.9) 232 (13.6) 11 (12.2) 17 (21.0)
Irritable bowel syndrome (%) 77 (4.2) 70 (4.2) 2 (2.3) 5 (6.2)

Hepatitis B infection (%) 5 (0.3) 5 (0.3) 0 (0.0) 0 (0.0)
Comorbid sum (mean (SD)) 1.54 (1.39) 1.49 (1.33) 1.38 (1.30) 2.79 (2.11)

Other optional vaccines
Influenza (%) 1494 (83.6) 1434 (86.6) 25 (34.7) 35 (58.3)

Pneumococcal (%) 742 (52.7) 701 (54.1) 22 (32.8) 19 (41.3)
HPV (%) 483 (34.7) 457 (36.0) 14 (19.4) 12 (24.0)

% were calculated after excluding missing information. 1 Other reasons include “not available yet” (n = 48),
“medical reasons” (n = 24), “previous SARS-CoV-2 infection < 6 months ago” (n = 1), “planned (n = 4)”, “no reason
given” (n = 11), “patent hard to treat” (n = 3), “death before vaccination” (n = 1). 2 Colombia (n = 4), Mexico
(n = 6), Netherlands (n = 5), New Zealand (n = 5), Norway (n = 4), Portugal (n = 7), Saudi Arabia (n = 7), Sweden
(n = 5), Switzerland (n = 6), and other countries with <4 participants.

Vaccination of individuals with DS started in December 2020 with the majority of
participants from the USA and Europe being vaccinated in spring 2021 and those from
Canada, Brazil, and India a few months later, in early summer 2021 (Figure 1).
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3.2. Side Effects after the COVID-19 Vaccination

Overall, 1973 participants in the survey had received a first dose of a COVID-19
vaccine and 1723 had received a second dose. The majority received the Pfizer–BioNTech
mRNA vaccine (BNT162b2; first dose: 1107 (56%), second dose: 1019 (59%)), followed
by the Moderna mRNA vaccine (mRNA-1273; first dose: 318 (16%), second dose: 313
(18%)), Oxford-AstraZeneca adenovirus-vectored vaccine (ChAdOx1 nCoV-19; first dose:
355 (18%), second dose: 307 (18%)), and the Johnson & Johnson single-shot adenovirus-
vectored vaccine (Ad26.COV2.S; first dose: 42 (2%)) (Table 2).

Table 2. Reactions after receiving a COVID-19 vaccine stratified by vaccine and dose.

Total BNT162b2 mRNA-1273 ChAdOx1 nCoV-19 Ad26.COV2.S
1st Dose 2nd Dose 1st Dose 2nd Dose 1st Dose 2nd Dose 1st Dose 2nd Dose 1st Dose

N 1973 1723 1107 1019 318 313 355 307 42
No reaction (%) 1048 (53.1) 962 (55.8) 727 (65.7) 622 (61.0) 161 (50.6) 127 (40.6) 105 (29.6) 180 (58.6) 22 (52.4)
Pain at injection

site (%) 578 (29.3) 492 (28.6) 287 (25.9) 268 (26.3) 115 (36.2) 122 (39.0) 149 (42.0) 84 (27.4) 9 (21.4)

Fatigue (%) 217 (11.0) 235 (13.6) 99 (8.9) 135 (13.2) 47 (14.8) 77 (24.6) 54 (15.2) 22 (7.2) 12 (28.6)
Fever (%) 183 (9.3) 90 (5.2) 26 (2.3) 48 (4.7) 13 (4.1) 27 (8.6) 127 (35.8) 14 (4.6) 7 (16.7)

Redness at site (%) 151 (7.7) 127 (7.4) 58 (5.2) 55 (5.4) 39 (12.3) 36 (11.5) 46 (13.0) 29 (9.4) 1 (2.4)
Headache (%) 148 (7.5) 109 (6.3) 37 (3.3) 55 (5.4) 20 (6.3) 33 (10.5) 86 (24.2) 20 (6.5) 2 (4.8)

Muscle pain or body
aches (%) 133 (6.7) 92 (5.3) 29 (2.6) 47 (4.6) 23 (7.2) 32 (10.2) 71 (20.0) 13 (4.2) 7 (16.7)

Chills (%) 72 (3.6) 38 (2.2) 7 (0.6) 12 (1.2) 5 (1.6) 16 (5.1) 56 (15.8) 10 (3.3) 3 (7.1)
Nausea, vomiting or

diarrhea (%) 49 (2.5) 20 (1.2) 7 (0.6) 9 (0.9) 6 (1.9) 8 (2.6) 35 (9.9) 3 (1.0) 1 (2.4)

Dizziness or
fainting (%) 37 (1.9) 14 (0.8) 7 (0.6) 7 (0.7) 2 (0.6) 4 (1.3) 25 (7.0) 2 (0.7) 1 (2.4)

Skin reaction (%) 22 (1.1) 8 (0.5) 8 (0.7) 3 (0.3) 3 (0.9) 2 (0.6) 10 (2.8) 2 (0.7) 0 (0)
Shortness of
breath (%) 14 (0.7) 4 (0.2) 2 (0.2) 0 (0) 1 (0.3) 1 (0.3) 8 (2.3) 2 (0.7) 1 (2.4)

Hypotension (%) 14 (0.7) 3 (0.2) 4 (0.4) 1 (0.1) 0 (0) 1 (0.3) 9 (2.5) 1 (0.3) 0 (0)
Tachycardia (%) 12 (0.6) 3 (0.2) 1 (0.1) 0 (0) 0 (0) 1 (0.3) 10 (2.8) 1 (0.3) 1 (2.4)

Adenopathies (%) 7 (0.4) 2 (0.1) 2 (0.2) 1 (0.1) 1 (0.3) 1 (0.3) 3 (0.8) 0 (0) 0 (0)
Allergic reaction (%) 6 (0.3) 1 (0.1) 1 (0.1) 0 (0) 1 (0.3) 0 (0) 2 (0.6) 0 (0) 1 (2.4)

Wheezing (%) 4 (0.2) 1 (0.1) 0 (0) 0 (0) 2 (0.6) 0 (0) 2 (0.6) 1 (0.3) 0 (0)
Myocarditis (%) 3 (0.2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (0.8) 0 (0) 0 (0)

Swelling of face, lips
or throat (%) 4 (0.2) 1 (0.1) 1 (0.1) 0 (0) 1 (0.3) 0 (0) 1 (0.3) 0 (0) 0 (0)

Worsening/new
diabetic

symptoms (%)
2 (0.1) 2 (0.1) 2 (0.2) 1 (0.1) 0 (0) 1 (0.3) 0 (0) 0 (0) 0 (0)

Bell’s Palsy (%) 1 (0.1) 0 (0) 0 (0) 0 (0) 1 (0.3) 0 (0) 0 (0) 0 (0) 0 (0)
Blood clot (%) 1 (0.1) 1 (0.1) 0 (0) 1 (0.1) 0 (0) 0 (0) 1 (0.3) 0 (0) 0 (0)
Blood clot in

brain (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Other (%) 25 (1.3) 27 (1.6) 12 (1.1) 14 (1.4) 6 (1.9) 7 (2.2) 7 (2.0) 5 (1.6 0 (0)
Do not Know (%) 16 (0.8) 19 (1.1) 7 (0.6) 8 (0.8) 3 (0.9) 5 (1.6) 3 (0.8) 6 (2.0) 1 (2.4)

Numbers presented as n (%) of total doses administered stratified by 1st and 2nd dose of the vaccine; % were
calculated after excluding missing information.

More than half of the vaccinated individuals with DS (first dose: 1048 (53%), second
dose: 962 (56%)) did not experience any side effects after receiving a COVID-19 vaccine
(Table 2). The most common reactions were pain at the site of injection (first dose: 578 (29%
of those who received a first vaccine dose), second dose: 492 (29% of those who received a
second vaccine dose)), fatigue (first dose: 217 (11%), second dose: 235 (14%)), fever (first
dose: 183 (9%), second dose: 90 (5%)), redness at the site of injection (first dose: 151 (8%),
second dose: 127 (7%)), headache (first dose: 148 (8%), second dose: 109 (6%)), muscle pain
or body aches (first dose: 133 (7%), second dose: 92 (5%)), and chills (first dose: 72 (4%),
second dose: 38 (2%)). Severe side effects were rare. Of the 1973 vaccinated individuals
with DS, three (0.2%) developed myocarditis after the first dose of ChAdOx1 nCoV-19, and
two individuals had blood clots (one individual after their second dose of BNT162b2 (0.1%)
and one individual after their first dose of ChAdOx1 nCoV-19 (0.3%)).
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For the mRNA vaccines (BNT162b2 and mRNA-1273), local reactions were similar
between the two doses (e.g., BNT162b2 pain at injection site: first dose: 287 (26% of those
who received a first BNT162b2 dose), second dose: 268 (26% of those who received a second
BNT162b2 dose)), but systemic reactions, such as fatigue, fever, headache, and muscle pain
or body aches, were more common after the second dose (Table 2). For ChAdOx1 nCoV-19,
local as well as systemic reactions were more common after the first dose than after the
second dose of the vaccine (e.g., pain at injection site: first dose: 149 (42%), second dose: 84
(27%); fever: first dose: 127 (36%), second dose: 14 (5%)).

Of the 1973 participants who received at least one dose of a COVID-19 vaccine, 183
(9%) had a SARS-CoV-2 infection prior to vaccination (Table 1). Side effects were similarly
mild between participants with and without a prior SARS-CoV-2 infection (Table S2).

Most reactions did not require medical care (first dose: 766 (86%), second dose: 681
(93%)). Pain at the site of injection and fatigue, which were the most common side effects
(Table 2), required medical care in less than 5% of the participants (Table 3). Of the 183 par-
ticipants who had fever after the first dose of the vaccine, 17 (9%) saw a physician and 5
(3%) went to the emergency room or urgent care. After the second dose, three participants
(3%) saw a physician after developing fever. Of the 1973 participants who received at least
one dose of the vaccine, three participants were admitted to hospital or experienced other
severe outcomes after vaccination. One participant developed blood clots after the second
dose of BNT162b2. The patient was hospitalized for 23 days, but did not experience any
resulting permanent morbid condition. The second participant had three seizures later
than 3 months after the second dose of their COVID-19 vaccine (type of vaccine unknown).
This individual had a history of seizures, and it could not be clinically confirmed whether
the seizures were related to their vaccination. The third patient was admitted to hospital
because of experiencing dizziness or fainting after the first dose of the vaccine (type of
vaccine unknown).

Table 3. Severity of reactions. Number (%) of people who received medical care after receiving a
COVID-19 vaccine stratified by type of side effects that required medical care.

Total No Medical
Care Needed Doctor Visit ER/Urgent Care

Admitted to
Hospital or Other

Severe Outcomes 1

Dose of vaccine 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
n 900 734 766 (86.2) 681 (92.8) 38 (4.2) 14 (1.9) 8 (0.8) 3 (0.4) 1 (0.1) 3 (0.4)

Pain at site 578 493 548 (94.8) 482 (97.8) 22 (3.8) 7 (1.4) 6 (1.0) 1 (0.2) 0 (0) 0 (0)
Fatigue 217 236 205 (94.5) 229 (97.0) 7 (3.2) 2 (0.8) 2 (0.9) 0 (0) 0 (0) 1 (0.4) 2

Fever 183 90 162 (88.5) 83 (92.2) 17 (9.3) 3 (3.3) 5 (2.7) 1 (1.1) 0 (0) 1 (1.1) 2

Redness at site 151 128 133 (88.1) 121 (94.5) 14 (9.3) 6 (4.7) 5 (3.3) 0 (0) 0 (0) 0 (0)
Headache 148 109 130 (87.8) 102 (93.6) 14 (9.5) 4 (3.7) 6 (4.1) 1 (0.9) 0 (0) 1 (0.9) 2

Muscle pain or
body aches 133 92 120 (90.2) 87 (94.6) 8 (6.0) 3 (3.3) 5 (3.8) 0 (0) 0 (0) 1 (1.1) 2

Chills 72 38 61 (84.7) 35 (92.1) 8 (11.1) 2 (5.3) 4 (5.6) 0 (0) 0 (0) 0 (0)
Nausea, vomiting

or diarrhea 49 20 37 (75.5) 19 (95.0) 8 (16.3) 1 (5.0) 3 (6.1) 0 (0) 0 (0) 0 (0)

Dizziness or fainting 37 14 27 (73.0) 12 (85.7) 7 (18.9) 2 (14.3) 4 (10.8) 0 (0) 1 (2.7) 3 0 (0)
Skin reaction 22 8 15 (68.2) 4 (50.0) 6 (27.3) 3 (37.5) 2 (9.1) 1 (12.5) 0 (0) 0 (0)

Shortness of breath 14 4 7 (50.0) 3 (75.0) 5 (35.7) 0 (0) 2 (14.3) 0 (0) 0 (0) 0 (0)
Hypotension 14 3 7 (50.0) 1 (33.3) 4 (28.6) 2 (66.7) 4 (28.6) 0 (0) 0 (0) 0 (0)
Tachycardia 12 3 8 (66.7) 2 (66.7) 3 (25.0) 0 (0) 2 (16.7) 0 (0) 0 (0) 1 (33.3) 2

Adenopathies 7 2 6 (85.7) 2 (100) 1 (14.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Allergic reaction 6 1 3 (50.0) 1 (100) 3 (50.0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Wheezing 4 1 2 (50.0) 0 (0) 1 (25.0) 1 (100) 1 (25.0) 0 (0) 0 (0) 0 (0)
Myocarditis 3 0 2 (66.7) 0 (0) 0 (0) 0 (0) 1 (33.3) 0 (0) 0 (0) 0 (0)
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Table 3. Cont.

Total No Medical
Care Needed Doctor Visit ER/Urgent Care

Admitted to
Hospital or Other

Severe Outcomes 1

Swelling of face,
lips or throat 4 1 1 (25.0) 0 (0) 1 (25.0) 1 (100) 2 (50.0) 0 (0) 0 (0) 0 (0)

Worsening or new
diabetic symptoms 2 2 2 (100) 0 (0) 0 (0) 2 (100) 0 (0) 0 (0) 0 (0) 0 (0)

Bell’s Palsy 1 0 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Blood clot 1 1 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 4

Blood clot in brain 0 0 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Other 25 27 18 (72.0) 21 (77.8) 5 (20.0) 4 (14.8) 0 (0) 1 (3.7) 5 0 (0) 1 (3.7) 5

Numbers presented as n (%) of total doses administered stratified by 1st and 2nd dose of the vaccine; % were
calculated after excluding missing information. Participants were asked to select all options that apply. Therefore,
the row-wise percentages do not sum up to 100%. 1 Combined levels Admitted to Hospital, Longer hospital stay,
ICU/life threatening reaction, Permanent damage, Death. 2 No reaction to first shot, 8 days in hospital, recovered.
3 Only reaction to vaccination, recovered and received 2nd dose a month later, reported fatigue after second
vaccination. 4 23 days hospitalized for blood clot, only reaction. No reaction to first dose. No permanent damage.
5 had 3 seizures > 3 months after 2nd dose of vaccine. Had a history of seizures. No manufacturer is listed.

3.3. Breakthrough Infections

The average time between receiving their latest dose of the vaccine and participation
in the survey was 132 days (SD = 81). During this time period, a small number of vaccinated
individuals with DS (21 people; 1%) contracted COVID-19 after vaccination and more than
half of these infections occurred between the first and second dose of the vaccine (13 people),
that is, before they were considered fully vaccinated (Table 1). Of these 13 participants,
three had received their first dose of BNT162b2, seven had received their first dose of
ChAdOx1 nCoV-19, and one had received their first dose of the Sinovac vaccine (others
unknown; Table S3). Two of the thirteen participants with breakthrough infections after
their first dose of a COVID-19 vaccine were hospitalized (one of them admitted to ICU),
but none of them died and all had either fully recovered (eight participants) or were at
least released from hospital at the time of the survey. Among the eight participants with
breakthrough infections after being fully vaccinated, none were hospitalized and five had
fully recovered at the time of the survey. One of the eight participants was asymptomatic
and two had symptoms but remained non-hospitalized. Seven of the eight participants
were vaccinated with BNT162b2 (other unknown; Table S3).

3.4. Factors Associated with Being Unvaccinated by Choice

To understand factors associated with the decision to be vaccinated among individuals
with DS, we conducted a logistic regression analysis comparing characteristics of vaccinated
individuals with DS (N = 1973, reference category) against those who were unvaccinated by
choice (N = 107), adjusting for confounding variables (see Figure 2 and Table S4 for details).
Age, country of residence, previous COVID-19 disease, and being vaccinated against other
optional vaccines (influenza, pneumococcal disease, HPV) were significantly associated
with being unvaccinated by choice. Younger individuals with DS (odds ratios (OR) per
5 years increase [95% confidence interval] = 0.70 [0.61, 0.82]), those who had COVID-19 (3.30
[1.91, 5.55]), and those who had not received other optional but recommended vaccines
were more likely to be unvaccinated by choice (influenza: 0.08 [0.05, 0.14], pneumococcal
disease: 0.42 [0.24, 0.70], HPV: 0.24 [0.12, 0.43]). The proportion of individuals with DS
who were unvaccinated by choice also differed by country. Individuals with DS living in
the US (reference group) were more likely to be unvaccinated by choice than individuals
from Europe (0.59 [0.36, 0.95]), but there was no significant difference in comparison to
Canada (0.96 [0.45, 1.87]) or other countries (1.28 [0.64, 1.44]). Noteworthy, none of the
256 individuals with DS from Brazil were unvaccinated by choice. There were no significant
differences in terms of comorbidities between vaccinated individuals with DS and those
who were unvaccinated by choice and no significant difference in terms of residential
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setting or level of intellectual disability after adjusting for potential cofounding variables
including age, gender, and country of residence.
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Figure 2. Factors associated with being unvaccinated by choice estimated with adjusted logistic
regression models with vaccination status as dependent variable (unvaccinated by choice versus
vaccinated [reference category]) (adjusted odds ratios (OR) and 95% confidence intervals (95% CI)).
All associations were adjusted for age, gender, country, and residential setting unless one of these
covariates was the independent variable of interest. Brazil had zero responses of being unvaccinated
by choice. See Table 1 for details on how many participants were included from each European
country. Other: Australia (n = 25), Colombia (n = 4), India (n = 104), Mexico (n = 6), Saudi Arabia
(n = 5), and other countries with fewer than 4 participants. Residence: Living at home with family
(reference group) versus other living conditions (see Table 1 for details on the other categories). For
gender, the reference category was “female” (participants who identified neither as male nor female
were excluded because of the low case number). For prior SARS-CoV-2 infection, comorbidities,
and other vaccines, the references categories did not have those infection/comorbidities/vaccines.
For factors with more than two categories, reference categories are included in the figure (ref).
Comorbidities included in “number of comorbidities”: obesity, Alzheimer’s disease, thyroid disorder,
epilepsy, blood cancer, other cancers, immuno-compromised, obstructive sleep apnea, hypertension,
diabetes, cerebrovascular disease, coronary heart disease, chronic renal disease, chronic liver disease,
chronic lung disease, celiac, gastroesophageal reflux, irritable bowel syndrome, and hepatitis B.
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4. Discussion

In this survey of 2172 individuals with DS, we showed that the COVID-19 vaccines
are safe for this population and effective in terms of resulting in minimal breakthrough
infections and milder disease outcomes among those fully vaccinated. Most participants
had either no reaction or very mild reactions after vaccination. In total, 1% of the vaccinated
individuals with DS contracted COVID-19 after vaccination and all of them either fully
recovered or were at least released from hospital at the time of the survey. A total of
1973 (91%) participants in our survey had received at least one dose of the vaccine and
107 (5%) were unvaccinated by choice. Factors associated with being unvaccinated by
choice included younger age, prior SARS-CoV-2 infection, country of residence, and being
unvaccinated against other optional but recommended vaccines (pneumococcal disease,
influenza, HPV), but not co-occurring health conditions.

Among the mild reactions to the COVID-19 vaccines, the most common side effect
was pain at the injection site, which occurred among ~30% of participants. While there
was no difference in this local reaction between the first and second dose of the mRNA
vaccines (BNT162b2 and mRNA-1273), people with DS who received the viral vector
vaccine ChAdOx1 nCoV-19 were more likely to experience pain at the injection site after the
first dose (42%) than after the second dose (27%) of the vaccine. Local side effects reported
for individuals with DS who received one of the mRNA vaccines are in line with data
from a prospective observational study of 627,383 from the general population, showing
that 29.2% and 34.3% of people who received the first and second dose of BNT162b2,
respectively, experienced pain at the injection site [23]. The proportion of people with
DS who experienced local pain as a side effect after receiving the first dose of ChAdOx1
nCoV-19 seems to be higher than reported in the general population (19% [23]). However,
this finding needs to be interpreted with caution because of the relatively small number
of participants in our survey who received ChAdOx1 nCoV-19 in comparison to mRNA
vaccines. The proportion of people with DS who had mild-to-moderate systemic side
effects (such as fatigue, fever, headache, muscle pain, or body aches and chills) was also
similar to those observed in the general population [23]. However, the frequency of local
and systemic side effects reported in this observational study of individuals with DS or
the observational study of 627,383 from the general population [23] was lower than in the
randomized clinical trials [24–26].

Severe side effects such as myocarditis and blood clots were rare, and all participants
with DS experiencing any severe side effects fully recovered. Therefore, we conclude that
the COVID-19 vaccines are safe for individuals with DS and the benefits definitely outweigh
the risks, particularly given the high risk of hospitalization and death for individuals with
DS infected with SARS-CoV-2 [3].

A small number of vaccinated individuals with DS (21 people; 1.1%) contracted
COVID-19 after vaccination, and more than half of these infections occurred between
the first and second dose of the vaccine (13 people), thus before they were considered
fully vaccinated. None of these individuals died, and they all either fully recovered or
were at least released from hospital at the time of the survey. This is in contrast to a
recent report suggesting that vaccinated individuals with DS are still at high risk for
hospitalization and death after being vaccinated [27]. However, their analyses are mainly
based on infections that occurred between the first and second dose of the vaccine, thus
before the participants were considered fully vaccinated, and the numbers of breakthrough
infections were very low when stratifying by comorbidities, resulting in extremely wide
confidence intervals [28].

A major threat to the impact of vaccination in preventing disease and death from
COVID-19 is a lack of confidence in vaccines [29]. The reluctance of people to receive
safe and recommended available vaccines, known as “vaccine hesitancy”, was already
a growing concern before the COVID-19 pandemic [30]. Of note, the vaccination rate
among people with DS who participated in our survey was 91%, which is remarkably high;
though this proportion might be affected by sampling bias, assuming that people who were
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vaccinated were also more likely to participate in the survey. In our survey, individuals
with DS were most likely to be unvaccinated by choice if they lived in the USA, followed
by Canada. In contrast, none of the 248 individuals with DS from Brazil were unvaccinated
by choice. This observation is in line with data from the general population, which show
particularly high COVID-19 vaccine hesitancy among people from the USA, among other
countries [31]. Other factors significantly associated with being unvaccinated by choice
in our survey included younger age, prior SARS-CoV-2 infection, or being unvaccinated
against other optional but recommended vaccines (pneumococcal disease, influenza, HPV).

Our survey showed that there was no significant difference in terms of number or
severity of comorbidities when comparing individuals with DS who were vaccinated
versus those who were unvaccinated by choice. Consequently, several of the individuals
with DS who chose not to be vaccinated had severe comorbidities, which increases their
risk of severe COVID-19 and death after infection with SARS-CoV-2 even more [3]. In
contrast, a previous study of individuals with intellectual disabilities showed that having a
health condition of concern in the context of COVID-19 increases the likelihood of receiving
the vaccination [32]. However, our current study differs in terms of (1) only including
individuals with DS, which is a known risk factor for severe COVID-19 itself in contrast
to intellectual disabilities, and (2) including participants who have already been offered a
vaccine in contrast to the previous study that focused on their intent to be vaccinated based
on data from December 2020 to February 2021. Furthermore, our survey only included
a small number of participants who were unvaccinated by choice (107 individuals with
DS), which could have limited the statistical power of our analysis to detect differences
in comorbidities.

Our observation that younger adults and children age 12–17 years with DS were more
likely to be unvaccinated by choice is in line with data from the general population [29,33].
Reasons for this observation may include the fact that less time has passed since approval
of the COVID-19 vaccines for children than for adults, which gave people less time to
become familiar with the research on safety and efficacy of vaccines in this age group, and
the general assumption that children and young adults do not become severely ill with
COVID-19. However, our previous survey has shown that children with DS are at a much
higher risk for severe COVID-19 than children from the general population [18], which
demonstrates the importance of vaccinating children with DS against COVID-19.

A prior SARS-CoV-2 infection is another well-known factor influencing the decision
to be vaccinated [34]. The US Centers for Disease Control and Prevention recommends
COVID-19 vaccination for all eligible persons, including those who have been previously
infected with SARS-CoV-2 [35]. While there is a wide range in antibody titers in response
to infection with SARS-CoV-2, COVID-19 vaccines typically lead to a more consistent
and higher-titer initial antibody response [35] and vaccination further enhances both
humoral and cell-mediated immunity to variants in individuals with prior SARS-CoV-2
infection [36–38]. Given that the immune dysregulation associated with DS could lead to a
shorter period of protection after vaccination or infection [2], it is particularly important
for individuals with DS to be vaccinated against COVID-19, regardless of a prior infection
with SARS-CoV-2.

Our finding that individuals with DS who were unvaccinated by choice were also
more likely to not be vaccinated against other optional but recommended vaccines is in
line with data from the general population [29] and with data from people with intellectual
disabilities [32].

An important difference between vaccine hesitancy in the general population and
vaccine hesitancy among people with intellectual disabilities (ID), including DS, is that the
decision to be vaccinated is made by the individual with support of others, and in some
cases, even with support, the person with DS cannot make the decision and it is made for
them. A UK survey of adults with ID showed a high level of willingness to take a COVID-19
vaccine (87% of interviewed adults with ID) if it was offered to them [32]. Therefore, it is
particularly important to educate caregivers and family members of individuals with DS
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about the severity of COVID-19 in unvaccinated individuals with DS and about the safety
and efficacy of the COVID-19 vaccines in protecting individuals with DS against infection,
severe COVID-19, and death.

Our study has several limitations. The survey includes participants from different
countries, each country having its own profile with respect to the number of COVID-19
cases during the reporting period, the timing and prioritization within the rollout of the
vaccine, the types of vaccines that are used, and a different presentation of SARS-CoV-2
variants. These differences could have affected the number of breakthrough infections that
we observed across different countries as well as the time that has passed between being
fully vaccinated and participation in the survey. In addition, as a sample of convenience,
our study population might not be representative of the population of individuals with DS
at large, especially in terms of vaccination rates (91% of the participants were vaccinated).
Furthermore, as the average time between second dose and participation in our survey
was 132 days, our current data cannot address the question of long-term protection against
COVID-19 in individuals with DS. Another limitation of our study is that most information
on side effects and their treatment was based on information provided by caregivers or
family members of individuals with DS (83%). Therefore, information on rare side effects
or their treatment should be interpreted with caution. In addition, because this was not
a controlled clinical trial, we could not compare infection rates between vaccinated and
unvaccinated people with DS. Therefore, our data on vaccine efficacy needs to be interpreted
with caution. However, the low proportion of breakthrough infections we observed is
in line with data from clinical trials and epidemiologic studies in the general population,
and it supports the assumption that the COVID-19 vaccines are effective against infection
with SARS-CoV-2 among people with DS. Unfortunately, we did not have information on
repeated SARS-CoV-2 infections and were therefore not able to compare the frequency or
severity of breakthrough infections among those who were vaccinated versus those who
recovered from COVID-19.Our study did not include information on third doses of the
vaccines (booster shots) or data from children younger than 12 years, and it was based on
data from 1 March to 12 December 2021, a time window in which Alpha, Beta, and Delta
were the dominant variants. We do not know how other variants (e.g., Omicron) would
affect our conclusions. However, we have no reason to believe that the safety and efficacy
of COVID-19 vaccines would be different between people with and without DS in light
of new variants. Lastly, we had no information on socioeconomic factors or healthcare
inequalities and income inequities, which are well known to be associated with the decision
to be vaccinated [29]. However, it is probably safe to assume that these factors affect
vaccine hesitancy among caregivers of individuals with DS in a similar way as they do in
the general population.

5. Conclusions

In conclusion, our survey of 1973 vaccinated individuals with DS shows that the
COVID-19 vaccines are safe and effective for individuals with DS, which is in line with
data from the general population. As individuals with DS are at a very high risk for severe
COVID-19 and death after infection with SARS-CoV-2, it is particularly important for them
to be fully vaccinated against COVID-19 and to receive their booster as soon as eligible,
regardless of their comorbidities or prior SARS-CoV-2 infection.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/vaccines10040530/s1, Complete list of the Trisomy 21 Research Society
COVID-19 Initiative group members; Table S1: Each institution that planned to disseminate the
survey obtained IRB/ethics approval; Table S2: Side effects after the COVID-19 vaccination stratified
by vaccine type (viral vector: ChAdOx1 nCoV-19, Ad26.COV2.S; mRNA: BNT162b2, mRNA-1273),
dose and prior SARS-CoV-2 infection; Table S3: Description of SARS-CoV-2 breakthrough infections
observed among vaccinated people with Down syndrome; Table S4: Factors associated with being
unvaccinated by choice.
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