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Abstract

Patients with Down syndrome (DS) are more affected by the Coronavirus Disease (COVID)-19 pandemic when compared
with other populations. Therefore, the primary aim of our study was to report the death (case fatality rate) from SARS-CoV-2
infection in Brazilian hospitalized patients with DS from 03 January 2020 to 04 April 2021. The secondary objectives were
(i) to compare the features of patients with DS and positive for COVID-19 (G1) to those with DS and with a severe acute
respiratory infection (SARI) from other etiological factors (G2) to tease apart the unique influence of COVID-19, and (ii) to
compare the features of patients with DS and positive for COVID-19 to those without DS, but positive for COVID-19 (G3)
to tease apart the unique influence of DS. We obtained the markers for demographic profile, clinical symptoms, comorbidi-
ties, and the clinical features for SARI evolution during hospitalization in the first year of the COVID-19 pandemic in Brazil
from a Brazilian open-access database. The data were compared between (i) G1 [1619 (0.4%) patients] and G2 [1431 (0.4%)
patients]; and between (ii) G1 and G3 [222,181 (64.8%) patients]. The case fatality rate was higher in patients with DS and
COVID-19 (G1: 39.2%), followed by individuals from G2 (18.1%) and G3 (14.0%). Patients from G1, when compared to
G2, were older (>25 years of age), presented more clinical symptoms related to severe illness and comorbidities, needed
intensive care unit (ICU) treatment and non-invasive mechanical ventilation (MV) more frequently, and presented a nearly
two fold-increased chance of death (OR =2.92 [95% CI12.44-3.50]). Patients from G1, when compared to G3, were younger
(<24 years of age), more prone to nosocomial infection, presented an increased chance for clinical symptoms related to a
more severe illness; frequently needed ICU treatment, and invasive and non-invasive MV, and raised almost a three fold-
increased chance of death (OR=3.96 [95% CI13.60-4.41]). The high case fatality rate in G1 was associated with older age
(=25 years of age), presence of clinical symptoms, and comorbidities, such as obesity, related to a more severe clinical
condition. Unvaccinated patients with DS affected by COVID-19 had a high case fatality rate, and these patients had a dif-
ferent profile for comorbidities, clinical symptoms, and treatment (such as the need for ICU and MV) when compared with
other study populations.
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Introduction

Several clinical features, such as obesity, cancer, and sys-
temic arterial hypertension (SAH), among patients infected
by the Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) were associated with the worst outcome.
Thus, these features were associated with a high hospitali-
zation rate, the need for mechanical ventilation, and critical
illnesses that culminated in a higher mortality rate (Petrilli
et al. 2020; Telle et al. 2021; Bhaskaran et al. 2021). How-
ever, among the health conditions that may favor a worse
prognosis for SARS-CoV-2 infection, few studies have
evaluated people with Down syndrome (DS) (Hiils et al.
2021; Malle et al. 2021b; Illouz et al. 2021; Clift et al. 2021;
Emami et al. 2021; Real de Asua et al. 2021).

Patients with DS and Coronavirus Disease (COVID)-
19 presented a longer hospitalization time, worse severity,
higher incidence of superinfections, and increased mortality
rate, especially in those patients aged > 40 years and with
comorbidities such as kidney failure and diabetes mellitus
(Villani et al. 2020; Hiils et al. 2021; Malle et al. 2021b;
Illouz et al. 2021; Clift et al. 2021; Emami et al. 2021; Real
de Asua et al. 2021) when compared with other populations.
Furthermore, patients with DS and COVID-19 were also
younger, and more likely to have chronic lung diseases, auto-
immune diseases, obesity, and dementia (Villani et al. 2020;
Hiils et al. 2021; Malle et al. 2021b; Illouz et al. 2021; Clift
et al. 2021; Emami et al. 2021; Real de Asua et al. 2021).
However, the actual effect of COVID-19 in patients with DS
is not wholly elucidated yet since few studies addressed the
subject, mainly based on case reports (Babamahmoodi et al.
2020; Malik and Kathuria 2021; Vazquez-Hernandez et al.
2021; Newman et al. 2021; Vita et al. 2021; Alsahabi et al.
2021; El Kaouini et al. 2012; Malle et al. 2021a; Kuczborska
et al. 2022).

The extra copy of chromosome 21, present in patients
with DS, can alter their immune system by enhancing the
expression of pro-inflammatory cytokines such as interleu-
kin-6 (IL-6), tumor necrosis factor-alpha (TNF-alpha), inter-
feron-alpha, beta receptor subunit 1 (/FNAR-1I), and inter-
feron-gamma receptor 2 (IFNAR-2). The immune response
in some patients with DS can lead to a worse prognosis
during SARS-CoV-2 infection. Patients with DS also have
alteration in the endocytosis dynamics, which ultimately
can facilitate virus infection, especially by the SARS-CoV-2
(Illouz et al. 2021; Altable and de la Serna 2021; Cataldo
et al. 2008; Espinosa 2020; Inoue et al. 2007; Jiang et al.
2016; Kim et al. 2016; Botté and Potier 2020), once the
chromosome 21 contains the gene responsible for the syn-
thesis of the transmembrane serine protease 2 (TMPRSS-2)
protein, which is essential for the SARS-CoV-2 membrane
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fusion (Hoffmann et al. 2020; Espinosa 2020; De Cauwer
2020; Illouz et al. 2021). Although it is biologically pos-
sible that the SARS-CoV-2 may affect patients with DS
differently, observational studies are necessary to evalu-
ate the real impact of COVID-19 in patients with DS in a
world case scenario, enrolling a considerable population of
patients with both conditions (DS and SARS-CoV-2 infec-
tion) simultaneously.

In this context, the primary aim of our study was to
report the proportion of deaths (case fatality rate) from
SARS-CoV-2 infection in Brazilian hospitalized patients
with DS from January 2020 to April 2021. The secondary
objectives were (i) to compare the demographic data, clini-
cal symptoms, comorbidities, and patients’ evolution dur-
ing the hospitalization of Brazilian patients with DS and
positive for COVID-19 [SARS-CoV-2 real-time polymerase
chain reaction (RT-PCR) positive] (G1) to those with DS
and with the severe acute respiratory infection (SARI) from
other etiological factors (SARS-CoV-2 RT-PCR negative)
(G2) to tease apart the unique influence of COVID-19; and
(ii) to compare the demographic data, clinical symptoms
and patients’ evolution during the hospitalization of patients
with DS and positive for COVID-19 to those without DS but
positive for COVID-19 disease (G3) (SARS-CoV-2 RT-PCR
positive) to tease apart the unique influence of DS.

Materials and methods

This retrospective study performed an epidemiological
analysis of hospitalized patients due to SARI, including
the severe acute respiratory syndrome (SARS) due to the
COVID-19, using demographic and clinical data available at
OpenDataSUS (https://opendatasus.saude.gov.br/). The data
was inputted in the OpenDataSUS by the Brazilian Ministry
of Health according to the surveillance data of SARI and
from the Information System platform for Epidemiological
Surveillance of Influenza-Flu (SIVEP-Flu, in Portuguese
Sistema de Informagdo de Vigildncia Epidemiolégica da
Gripe) in one dataset. The SIVEP-Flu system has been in
use since 2009 (having been implemented in response to the
2009 influenza HIN1 pandemic) and has since centralized
the reporting of respiratory viruses and SARI for the Brazil-
ian Ministry of Health (de Souza et al. 2020). This dataset
has been used in several previous studies (Hillesheim et al.
2020; Baqui et al. 2020, 2021; de Souza et al. 2020; Kawa
et al. 2021; Ranzani et al. 2021; Izbicki et al. 2021; Freitas
et al. 2021; Boschiero et al. 2022; Zeiser et al. 2022; San-
sone et al. 2022). The patients’ characteristics were included
in the individual registration form by the health professional
who managed the patients. The Brazilian Ministry of Health
described the SARI (hospitalized) patients as presenting at
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least two (2) of the following clinical symptoms: fever (even
if referred), chills, sore throat, headache, cough, runny nose,
and olfactory or taste disorders in the presence of dyspnea/
respiratory discomfort OR persistent pressure in the chest
OR O, saturation below 95% in room air OR bluish discol-
oration of lips or face (https://opendatasus.saude.gov.br/).

The data obtained covered the first year of the COVID-
19 pandemic in Brazil (from 03 January 2020 to 04 April
2021) and included the following information: (i) profiles of
the viruses found in the patients included in the study; (ii)
demographic profiles as sex, race, age (classified according
to the main periods of human life (Dyussenbayev 2017),
and place of residence; (iii) data for viruses infection such
as living in an area that had a previous flu outbreak, respira-
tory hospital-acquired infection (nosocomial), and the use
of an antiviral drug to treat Influenza virus infection; (iv)
presence of comorbidities [cardiopathy, diabetes mellitus,
SAH, respiratory disorders, obesity, and others]; (v) clinical
symptoms related to SARI (fever, cough, loss of smell, loss
of taste, myalgia and others); (vi) need for intensive care
unit (ICU) and mechanical ventilation; and (vii) outcomes
(clinically recovered or death) (https://opendatasus.saude.
gov.br/). We described the racial background of the patients
following the definitions set forth by the Brazilian Institute
of Geography and Statistics (IBGE, in Portuguese Instituto
Brasileiro de Geografia e Estatistica), which acknowledges
the following categories: White (Caucasian), Black (Afro-
Brazilian), Asian, Indigenous peoples, and Pardos (individu-
als from multiracial background). The patients were grouped
for age as (i) infant (< 1-year-old), (ii) child (1- to 12- years
of age), (iii) youth (13- to 24- years of age), and (iv) mature
(adults) (25- to 60- years of age) (Dyussenbayev 2017).

Importantly, in our study, none of the participants with
DS were vaccinated against COVID-19. We carried out
the study from 03 January 2020 to 04 April 2021, and the
COVID-19 vaccination started in January 2021 in Brazil.
However, the vaccination was done in phases, and in the first
phase, only people over 60 years of age or institutionalized,;
institutionalized disabled people, Indigenous people living
on Indigenous lands, and 34% of health workers who act,
mainly in the front line to treat the patients with COVID-19
received the vaccines (Boschiero et al. 2021a). Individu-
als with DS were only included as a priority group in May
2021; that is, out of the range of our study according to the
Brazilian Plan for COVID-19 vaccination (Vacinagdo contra
a Covid-19 no Brasil).

We divided the patients into three groups: (Group 1;
G1) patients with DS and SARS-CoV-2 RT-PCR-positive
(COVID-19); (Group 2; G2) patients with DS who were
diagnosed with a non-COVID-19 respiratory infection
(SARI); and (Group 3; G3) non-DS (without comorbidities)
patients with SARS-CoV-2 RT-PCR-positive (COVID-19)
(Fig. 1). We categorized the G2 as non-COVID-19 based

on the information described in a dataset that included the
negative results for SARS-CoV-2 RT-PCR. In addition, we
compared G1-G2 (to tease apart the unique influence of
COVID-19) and G1-G3 (to tease apart the unique influence
of DS).

Two authors (FALM and MNB) revised the epidemio-
logical data from the patients’ characteristics obtained in
the dataset for better accuracy. After all, we used some syno-
nyms to describe a symptom or comorbidity. Moreover, the
authors classified symptoms and comorbidities previously
described in the dataset as others in some cases. Also, we
created new markers based on the number of patients that
presented them [Supplementary Material (SM) Part I. List
of clinical characteristics]. We performed all corrections on
the dataset online using a video conference platform.

During the statistical analysis for G3, we first ensured
that no patients had a diagnosis of DS. We also excluded
any patients who had comorbidities that were associated
with COVID-19 complications [presence of cardiopathy
(which included the medical history of congenital heart
disease, repaired or non-repaired), hematologic disorder,
hepatic disorder, asthma, diabetes mellitus, chronic neuro-
logical disease, chronic lung disease, immunosuppression
disorder, renal disorder, obesity, cancer, SAH, thyroid dis-
ease, alcoholism, smoking, and other comorbidities without
the identification in the dataset or with a low number of
individuals to be part of an independent group of clinical
marker]. The authors excluded the comorbidities to identify
the patients’ characteristics that enabled the differentiation
of G1 patients from G3 patients without the impact of these
comorbidities on the chance of death. In addition, we revised
the data of all patients regarding demographic information,
clinical symptoms, and hospitalization markers, checking
each patient’s data. We used the opportunity to manually
include several clinical signs listed in the dataset as “other”.
Data inclusion and revision were carried out by two authors
only as previously reported, and it was time-consuming,
which also undermined the inclusion of comorbidities for
G3. Also, we excluded pregnant women, patients living in
other countries, patients without SARI definition, patients
diagnosed with other diseases, and patients over 60 years of
age from the G3.

Regarding the G1 and G2 groups, our data excluded
patients over 60 years of age, pregnant women, patients with
genetic disorders other than DS, and patients without a defi-
nition for SARI. The exclusion of patients aged over 60 years
of age was based on (i) the high number of missing data for
this age category; (ii) the low number of DS individuals in
this age category, and this age category, by itself, is a risk
factor for death; and, mainly, (iii) the presence of patients
older than 60 years of age that were COVID-19 vaccinated
during the period of study, which could bias our findings.
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1,668,609 hospitalized individuals with
Severe Acute Respiratory Infection (SARS)
- the first year of Coronavirus Disease
(COVID-19) pandemic in Brazil
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SELECTION of the patients with Down
syndrome to be part of the study
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SARS-CoV-2 RT-PCR-positive (COVID-19)

1,431 patients with Down syndrome who
were diagnosed with non-COVID-19
respiratory infection
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222,181 non-Down syndrome (without
comorbidities) patients with COVID-19
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Fig.1 Flux gram of severe acute respiratory infection (SARI)
patients’ selection to be part of the epidemiologic analysis presenting
the inclusion and exclusion criteria and the distribution of the patients
by groups. We obtained the data at OpenDataSUS (https://opend
atasus.saude.gov.br/), and we enrolled only hospitalized patients
in the dataset. The Brazilian Ministry of Health computed the data
according to the surveillance data of SARI and from the Informa-
tion System platform for Epidemiological Surveillance of Influenza-

The inclusion and exclusion criteria, and the distribution of
the patients in the groups, are summarized in Fig. 1.

We performed the statistical analysis using the Statistical
Package for the Social Sciences software (IBM SPSS Sta-
tistics for Macintosh, Version 27.0). We employed the Chi-
square test or Fisher Exact test to compare the proportion
between the (i) G1 and G2 for demographic data, clinical
symptoms, comorbidities, the need for mechanical ventila-
tion support, and the need for ICU and outcomes; (ii) G1
and G3 for demographic data, clinical symptoms, the need
for mechanical ventilation support and the need for ICU
and outcomes; (iii) clinically recovered (hospital discharge)
patients from G1 against patients with DS who died due to
COVID-19 according to demographic data, clinical symp-
toms, comorbidities, the need for mechanical ventilation
support and the need for ICU. We calculated the odds ratio
(OR) and the 95% confidence interval (95%CI) to estimate
the impact of each marker on the statistical analysis accord-
ing to COVID-19 diagnosis or outcomes. We summarized
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Flu (SIVEP-Flu). The SIVEP-Flu system has been in use since 2009
(having been implemented in response to the 2009 Influenza HIN1
pandemic) and has since centralized the reporting of respiratory
viruses and SARI for the Brazilian Ministry of Health (de Souza et al.
2020). The data obtained covered the first year of the COVID-19
pandemic in Brazil (from 03 January 2020 to 04 April 2021). SARS-
CoV-2, severe acute respiratory syndrome coronavirus 2; RT-PCR,
real-time polymerase chain reaction

the results in tables and figures. We built the figures using
the GraphPad Prism version 8.0.0 for Mac, GraphPad Soft-
ware, San Diego, California USA, www.graphpad.com.

In addition, we performed a multivariate analysis using
the Logistic Regression Model with the Backward Step-
wise method. The inclusion criteria for the regression
model were significant associations (P-value <0.05) in the
bivariate model. We performed three multivariate analyses
using: (model 1) the demographic data and the clinical
symptoms to differentiate the SARS patients from the G1
to those from G3; (model 2) the demographic data, the
clinical symptoms, and the comorbidities to distinguish the
patients with DS from the G1 to those from G2; and (iii)
the demographic data, the clinical symptoms, the comor-
bidities and the follow-up of the patients during the hos-
pitalization to differentiate the patients with DS and with
COVID-19 who died to those who had clinically recovered
(hospital discharge). We showed the Logistic Regression
Model using the OR and the 95% CI. The researchers used
goodness-of-fit tests to choose the best prediction model
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with the fewest predictors, and we evaluated the data for
the presence of multicollinearity.

The data used in our study were made publicly avail-
able. By being anonymized, it is a consent-free study since
it does not present risks to the research participants and
was exempt from ethical approval by an Ethics Committee.

Results

SARI patients’ demographic and clinical
characteristics

The original cohort accounted for 1,668,609 patients
hospitalized due to SARI; however, 1,665,559 patients
were excluded for not meeting the inclusion criteria to
be in Gl (n=1619 patients) or G2 (n= 1431 patients);
and 1,446,428 patients were excluded for not meeting
the inclusion criteria to be in G3 (n=222,181 patients)
(Fig. 1). Out of which 78,098 (34.7%) were female, 4022
(1.8%) were < 1-year-old, 6091 (2.7%) were between

22: - e A
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s
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W
w

[[] SARS patients due to COVID-19
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Number of individuals without Down syndrome by epidemiological week

Fig.2 Hospitalized severe acute respiratory infection (SARI) patients
by the epidemiologic week of filling out the notification form. SARS
severe acute respiratory syndrome, R7-PCR real-time polymerase
chain reaction. A The number of hospitalized SARI patients with
non-Down syndrome (DS) according to the Coronavirus Disease
(COVID)-19 diagnosis. The red color shows (G3) non-DS (without
comorbidities) patients with COVID-19. B The number of hospital-
ized SARI patients with DS according to the COVID-19 diagnosis.
The blue color shows (G2) patients with DS and a non-COVID-19
respiratory infection; the red color shows (G1) patients with DS and
SARS-CoV-2 RT-PCR-positive (COVID-19). Importantly, we deleted
the patients with DS and other comorbidities [presence of cardiopa-

1- and 12- years of age, 10,060 (4.5%) were between 13-
and 24- years of age, and 205,058 (91.0%) were between
25- and 60- years of age (SM Part III. Tables 1 and 2).
The G1 group accounted for 1619 (0.7%) patients, G2
for 1431 (0.6%) patients, and G3 for 222,181 (98.7%)
patients (Fig. 1). The G1 group also accounted for 772
(47.7%) females, whereas G2 accounted for 665 (46.5%)
females and G3 for 76,661 (34.5%) females. In all groups,
most patients were classified between 25- and 60- years
of age (SM Part III. Tables 1 and 2). When we compared
all patient groups, the proportion of patients under one
year of age was higher in the G2. In contrast, the patients
described as G1 and G3 who presented SARS-CoV-2
infection were older.

The White race group was the most frequent of all groups
(SM Part III. Table 3). The epidemiological week of the
notification and the onset of symptoms of SARI by SARS-
CoV-2 or other etiological agents in Brazil according to DS
diagnosis are described in Fig. 2 and SM Fig. 1, respectively.
We described the complete information regarding the SARI
evolution in Tables 1 and 2 presented in SM Part II.

T

151 SARS patients with
11 4 non-COVID-19

7 respiratory infection
g 1 [ SARS patients due to =l
1 COVID-19 3

Epidemiological week of filling out the notification form

10
201

S SR
SRIRSRIIR RERBRBRI
g

Number of Down syndrome individuals by epidemiological week

thy (which included the medical history of congenital heart disease,
repaired or non-repaired), hematologic disorder, hepatic disorder,
asthma, diabetes mellitus, chronic neurological disease, chronic lung
disease, immunosuppression disorder, renal disorder, obesity, cancer,
systemic arterial hypertension, thyroid disease, alcoholism, smoking,
and other comorbidities without the identification in the dataset or
with a low number of individuals to be part of an independent group
of clinical marker] from G3. We obtained the data at OpenDataSUS
(https://opendatasus.saude.gov.br/), and we enrolled only hospitalized
patients in the dataset. The data obtained covered the first year of the
COVID-19 pandemic in Brazil (from 03 January 2020 to 04 April
2021)
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The most common symptoms in G1 patients were dysp-
nea (1,170; 78.7%), followed by cough (1116; 75.9%) and
fever (1035; 70.4%), whereas the G2 patients’ most common
symptoms were respiratory distress (975; 74.6%), dyspnea
(958; 72.4%), and fever (943; 70.7%). In G3 patients, the
most common symptoms observed were cough (160,716;
82.0%), fever (148,246; 76.7%), and dyspnea (143,505;
75.4%). The most prevalent comorbidity in G1 patients
was cardiopathy (481; 37.5%), followed by diabetes mel-
litus (336; 27.3%) and obesity (283; 23.5%). In G2 patients,
the most prevalent comorbidities were cardiopathy (533;
45.6%), neuropsychiatric disorder (181; 16.5%), and diabe-
tes mellitus (141; 12.9%).

The case fatality rate had higher frequency among the
patients in G1 (541; 39.2%), followed by G2 (220; 18.0%)
and G3 (25,571; 14%); the same profile occurred for the
need for ICU—G]1 [659; 44.7%], G2 [500; 38.4%], and G3
[44,444; 25.0%], and for the need of invasive mechanical
ventilation—G1 [410; 28.2%], G2 [263; 20.3%], and G3
[19,226; 10.7%] (Fig. 3).

G3-

G2

- |
I T T T T T 1
0 10 20 30 40 50 60

Case fatality rate (%)
G3
G2

I T T T T T 1
0 10 20 30 40 50 60

Invasive mechanical ventilation (%)

Fig.3 Frequency of hospitalized severe acute respiratory infec-
tion (SARI) patients by case fatality rate (A), need for intensive care
unit (B), the need for invasive mechanical ventilation support (C),
and the need for non-invasive mechanical ventilation support (D).
G1, patients with Down syndrome (DS) and SARS-CoV-2 RT-PCR-
positive [Coronavirus Disease (COVID)-19]; G2, patients with DS
and a non-COVID-19 respiratory infection; G3, non-DS (without
comorbidities) patients with COVID-19. Importantly, we deleted
the patients with DS and other comorbidities [presence of cardiopa-
thy (which included the medical history of congenital heart disease,
repaired or non-repaired), hematologic disorder, hepatic disorder,

@ Springer

Profiles of the viruses found in the patients included
in the epidemiologic analysis

We evaluated several other etiological agents that cause res-
piratory infection, and we found others that were more com-
mon than SARS-CoV-2, such as the Respiratory Syncytial
Virus (RSV) and Rhinovirus. Other viruses (Adenovirus;
Influenza A; Influenza B; Parainfluenza 1, 2, 3, and 4; and
Metapneumovirus) that were also evaluated presented low
prevalence when compared to those listed above. Further-
more, co-infections between SARS-CoV-2 and other viruses,
such as Rhinovirus (146) and Parainfluenza 1 (12), were also
observed, mainly in G3 patients. We described all the other
etiological agents in SM Part I[I—Table 3.

Comparison between patients with COVID-19
and DS (G1) versus patients with non-COVID-19 SARI
and DS (G2)

We presented the full description of the association
between G1 and G2 regarding the patients’ characteristics

G341

G2

- |
I T T T T T 1
0 10 20 30 40 50 60

Intensive care unit (%)
G34
G2

Non-invasive mechanical ventilation (%)

asthma, diabetes mellitus, chronic neurological disease, chronic lung
disease, immunosuppression disorder, renal disorder, obesity, cancer,
systemic arterial hypertension, thyroid disease, alcoholism, smoking,
and other comorbidities without the identification in the dataset or
with a low number of individuals to be part of an independent group
of clinical marker] from G3. We obtained the data at OpenDataSUS
(https://opendatasus.saude.gov.br/), and we enrolled only hospitalized
patients in the dataset. The data obtained covered the first year of the
COVID-19 pandemic in Brazil (from 03 January 2020 to 04 April
2021). RT-PCR real-time polymerase chain reaction, % percentage
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Fig.4 Odds ratio (OR) values
and the 95% confidence inter-
val (95% CI) for the chance

of occurrence of the events
(patients’ characteristics)

using as a reference in G1
[patients with Down syn-
drome (DS) and SARS-CoV-2
RT-PCR-positive - Corona-
virus Disease (COVID)-19]
against G2 (patients with DS
who were diagnosed with a
non-COVID-19 respiratory
infection). We compared the
prevalence of patients with inva-
sive and non-invasive methods
for mechanical ventilation with
the prevalence of patients who
did not require mechanical ven-
tilation. Also, we compared the
prevalence of patients in each
age category with the preva-
lence of patients in the other
age categories. We obtained the
data at OpenDataSUS (https://
opendatasus.saude.gov.br/), and
we enrolled only hospitalized
patients in the dataset. The data
obtained covered the first year
of the COVID-19 pandemic

in Brazil (from 03 January
2020 to 04 April 2021). y.o.
years of age, SpO, peripheral
arterial oxygen saturation, MV
mechanical ventilation, RT-PCR
real-time polymerase chain
reaction, /CU intensive care
unit. We presented only data
with a significative P-value
(<£0.05) in the bivariate model,
and we used a log,, scale
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Demographic characteristics

We observed several demographic differences between G1
and G2. For instance, most of the patients in G1 were older
and aged between 13- and 24- years of age (OR =1.33
[95%CI=1.04-1.70]) and between 25- and 60- years of
age (OR=5.24 [95% CI 4.47-6.16]) when compared to
patients in G2. Also, in G1, patients living in an area that

OR values represent the
chance of occurrence of the
events set as reference in G1
[patients with Down
syndrome and SARS-CoV-2
RT-PCR-positive

all
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COVID-19 respiratory
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had a previous flu outbreak were more common than in
G2 (OR=2.02 [95% CI 1.66-2.46]). In addition, patients
in G1 presented a decreased risk of nosocomial infec-
tion (OR=0.64 [95% CI 0.42-0.99]) when compared to
patients in G2. We did not observe differences regarding
sex and place of residence between patients in G1 and G2
(SM Part V. Table 1).
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Clinical characteristics

Regarding clinical features, patients in G1 were more likely
to present symptoms related to a more severe illness, such as
cough (OR=1.43 [95% CI 1.22-1.69]), dyspnea (OR =1.41
[95% CI 1.18-1.67]) and low peripheral arterial oxygen satu-
ration (SpO,; <95%) (OR=1.30 [95% CI 1.10-1.54]) than
patients in G2 (SM Part V. Table 2). We also observed that
patients in G1 were more likely to have some comorbidities
such as diabetes mellitus (OR =2.54 [95% CI 2.04-3.15])
and obesity (OR=2.42 [95% CI 1.92-3.05]). On the other
hand, patients with comorbidities such as cardiopathy
(OR=0.72 [95% CI 0.61-0.84]) and chronic lung disease
(OR=0.65 [95% CI 0.56-0.81]) were less common in G1
when compared to patients in G2 (SM Part V. Table 3). Flu
antiviral drugs were less common in patients in G1 than in
those in G2 (OR=0.58 [95% CI 0.48-0.70]) (SM Part V.
Table 4).

Outcomes
Patients in G1 presented a greater probability to require

ICU treatment (OR=1.30 [95% CI 1.11-1.51]), invasive
mechanical ventilation (OR=2.14 [95% CI 1.72-2.66]),

and noninvasive mechanical ventilation (OR=1.63 [95%
CI 1.35-1.96)), indicating a more severe illness in patients
in G1 when compared to patients in G2. We also observed
a nearly two fold-increased chance of death (case fatality
rate) in patients in G1 when compared to patients in G2
(OR=2.92 [95% CI 2.44-3.50]) (SM Part V. Table 4).

Multivariate analysis

Binary logistic regression was performed to determine
whether the patients’ characteristics differentiate SARI
patients in the G1 and G2 groups. The model contained
the selected characteristics that were significant in dif-
ferentiating the SARI patients in G1 and G2 groups [Chi-
square =364.521; df=19; P-value <0.001]. The demo-
graphic data, clinical symptoms, and comorbidities that were
predictive to be part of the G1 were (P-value <0.05) living
in an area that had a previous flu outbreak area [OR =2.05
(95% CI 1.40-2.99)], loss of smell [OR=4.21 (95% CI
1.74-10.17)], and presence of inappetence (loss of appe-
tite) [OR=4.14 (95% CI 1.32-12.98)]; on the other hand,
patients who presented age < 1-year-old [OR=0.10 (95% CI
0.05-0.19)], age between 1- and 12- years of age [OR=0.15
(95% CI 0.08-0.26)], and the presence of chronic lung

Table 1 Multivariate analysis
using the demographic data,
the clinical symptoms, and the
comorbidities to differentiate
the patients with Down
syndrome (DS) into the group
of patients with SARS-CoV-2
RT-PCR-positive (COVID-19)
(G1) from those patients with
DS who were diagnosed with
a non-COVID-19 respiratory
infection (G2)

@ Springer

Patient characteristic® B SE Wald daf P-value OR 95%ClI for OR
Lower Upper
Age groups
<1 y.o. (infant) -2.302 0333 47704 1 <0.001 0.100 0.052 0.192
1 to 12 y.o. (child) -1.897 0.284 44589 1 <0.001 0.150 0.086 0.262
13-24 y.o. (youth) -0.322  0.244 1.737 1 0.187 0.725 0.449 1.170
25-60 y.o. (mature, adult) 83.027 3 <0.001
Living in a area that had a 0.720 0.193  13.865 1 <0.001 2.054 1.406 2.999
previous flu outbreak
Sore throat 0.352 0.200 3.110 1 0.078 1.422 0.962 2.103
Fatigue 0.330 0.193 2921 1 0.087 1.391 0.953 2.032
Loss of smell 1.438 0450 10.228 1 0.001 4.214 1.745 10.174
Inappetence (loss of appetite)  1.422 0.582 5962 1 0.015 4.146 1.324 12986
Diabetes mellitus 0.423 0.223 3594 1 0.058 1.526 0.986 2.364
Chronic lung disease -0.786 0.234 11296 1 0.001 0.456 0.288 0.721
Constant 0.264 0.125 4486 1 0.034 1.302

COVID-19 Coronavirus Disease, y.o. years of age, SE standard error, df degrees of freedom, R7-PCR real-
time polymerase chain reaction, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, OR odds
ratio, 95% CI 95% confidence interval

*The model included the patients’ characteristics with a significant P-value in the bivariate model. We used
the following patients’ characteristics: age, living in a area that had a previous flu outbreak, presence of
nosocomial infection, clinical symptoms (cough, sore throat, dyspnea, peripheral arterial oxygen satura-
tion<95%, diarrhea, fatigue and asthenia, loss of smell, loss of taste, myalgia, headache, coryza, inap-
petence (loss of appetite), cyanosis, nasal obstruction, nausea, and chills), and comorbidities (cardiopathy,
hematologic disorder, hepatic disorder, diabetes mellitus, chronic lung disease, obesity, systemic arterial
hypertension, and thyroid disease). We evaluated the data for the presence of multicollinearity

We obtained the data at OpenDataSUS (https://opendatasus.saude.gov.br/), and we enrolled only hospital-
ized patients in the dataset. The data obtained covered the first year of the COVID-19 pandemic in Brazil
(from 03 January 2020 to 04 April 2021)
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Fig.5 Odds ratio (OR) values and the 95% confidence interval
(95%C1) for the chance of the occurrence of the events (patients’
characteristics) using as a reference in G1 [patients with Down syn-
drome (DS) and SARS-CoV-2 RT-PCR-positive - Coronavirus Dis-
ease (COVID)-19] against G3 [non-DS (without comorbidities)
patients with COVID-19]. We compared the prevalence of patients
with invasive and non-invasive methods for mechanical ventilation
with the prevalence of patients who did not require mechanical ven-
tilation. Also, we compared the prevalence of patients in each age
category with the prevalence of patients in the other age categories.
Importantly, we deleted the patients with DS and other comorbidi-
ties [presence of cardiopathy (which included the medical history of
congenital heart disease, repaired or non-repaired), hematologic dis-
order, hepatic disorder, asthma, diabetes mellitus, chronic neurologi-

disease [OR=0.45 (95% CI 0.28-0.72)] were less likely to

cal disease, chronic lung disease, immunosuppression disorder, renal
disorder, obesity, cancer, systemic arterial hypertension, thyroid dis-
ease, alcoholism, smoking, and other comorbidities without the iden-
tification in the dataset or with a low number of individuals to be part
of an independent group of clinical marker] from G3. We obtained
the data at OpenDataSUS (https://opendatasus.saude.gov.br/), and we
enrolled only hospitalized patients in the dataset. The data obtained
covered the first year of the COVID-19 pandemic in Brazil (from 03
January 2020 to 04 April 2021). y.o. years of age, RT-PCR real-time
polymerase chain reaction, SpO, peripheral arterial oxygen satura-
tion, MV mechanical ventilation, /CU intensive care unit. We pre-
sented only data with a significative P-value (<0.05) in the bivariate
model, and we used a log; scale

be part of the G1 when compared to G2. We summarize the
multivariate analysis findings in Table 1.
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Comparison of patients with COVID-19 and DS
(G1) and non-DS (without comorbidities) patients
with COVID-19 (G3)

We presented the full description of the association between
patients in G1 and G3 regarding the patients’ characteristics
in SM Part IV (Tables 1-3) and the significant associations
(P-value <0.05) in Fig. 5.

Demographic characteristics

The age groups classified as < 1-year-old (OR=2.86 [95%
CI2.25-3.61]), between 1- and 12- years of age (OR=2.01
[95% CI 1.61-2.52]), and between 13- and 24- years of age
(OR=2.55[95% CI 2.17-2.99]) were more common in
patients in G1 when compared to patients in G3. In brief, we
observed nearly 3- and 2-times younger patients, < 1-year-
old and 1- to 12- years of age, respectively, in G1 when com-
pared to G3 (SM Part IV. Table 1). Nosocomial infection
was also more prevalent in patients in G1 (OR=2.05 [95%
CI 1.47-2.87]) than in G3 patients. We did not observe dif-
ferences in sex between patients in the G1 and G3 groups
(SM Part IV. Table 1).

Clinical characteristics

We observed that patients in G1 presented an increased
chance of symptoms related to a more severe illness, like
respiratory distress (OR=1.32 [95% CI 1.18-1.49]), low
SpO, (<95%) (OR=1.87 [95% CI 1.66-2.11]), and dyspnea
(OR=1.20[95% CI 1.06-1.36]) when compared to patients
in G3. In contrast, symptoms like sore throat (OR=0.73
[95% CI 0.64-0.82]) and loss of smell (OR=0.44 [95% CI
0.36-0.53]) were not common in patients in G1 (SM Part
IV. Tables 2). Most of the clinical symptoms measured or
noted by physicians were more common in patients in G1
than those with self-reported symptoms, which suggests
that patients with DS might have difficulty reporting spe-
cific symptoms.

Outcomes

Regarding medical support and outcomes, we observed that
patients in G1 were more likely to use antiviral drugs to
treat flu (OR=1.32 [95% CI 1.14-1.52]), ICU treatment
(OR=2.43 [95% CI 2.19-2.69]), invasive mechanical ven-
tilation (OR=4.80 [95% CI 4.13-5.59]), and non-invasive
mechanical ventilation (OR=1.79 [95% CI 1.56-2.05])
when compared with patients in G3. We also observed
almost a three fold-increased chance of death (case fatal-
ity rate) in patients in G1 than in patients in G3 (OR =3.96
[95% CI 3.60-4.41]) (SM Part IV. Table 3).

@ Springer

Multivariate analysis

We performed binary logistic regression to determine
whether the patients’ characteristics could differentiate
SARS patients in G1 and G3 groups. The model which
containing the selected characteristics was significant in
differentiating the SARS patients in G1 and G3 groups
[Chi-square =212.953; df=10; P-value <0.001]. The
demographic data and clinical symptoms, which were
predictive (P <0.05) in this model to be part of the G1,
were age < 1-year-old [OR=1.93 (95% CI 1.24-3.02)],
age between 13 and 24- years of age [OR=3.11 (95%
CI 2.39-4.07)], low SpO, (<95%) [OR=2.11 (95% CI
1.76-2.52)], vomit [OR=1.31 (95% CI 1.03-1.66)], noso-
comial infection [OR =2.74 (95% CI 1.71-4.38)], coryza
[OR=2.20 (95% CI 1.57-3.08)], inappetence (loss of appe-
tite) [OR=1.91 (95% CI 1.26-2.87)], cyanosis [OR =11.33
(95% CI 5.09-25.21)], and prostration [OR=3.01 (95%
CI 1.91-4.74)]. On the other hand, individuals present-
ing cough [OR=0.78 (95% CI 0.65-0.93)], loss of taste
[OR=0.56 (95% CI 0.43-0.74)], myalgia [OR =0.48 (95%
CI 0.35-0.67)], headache [OR =0.46 (95% CI 0.33-0.63)],
chest pain [OR=0.33 (95% CI 0.14-0.73)], and living in
urban area [OR =0.54 (95% CI 0.41-0.72)] were less likely
to be part of the G1 when compared to G3. We summarize
all the data in Table 2.

Characteristics associated with enhanced chance
of death in patients with COVID-19 and DS (G1)

We presented the full description of the association between
patients in G1 according to the outcome (death or hospital
discharge) regarding the patients’ characteristics in SM Part
VI (Tables 1-4) and Fig. 6.

Demographic characteristics

We observed a high case fatality rate among patients in G1
aged between 25- and 60- years of age (OR=1.62 [95% CI
1.21-2.16]); on the other hand, the patients aged between 1-
and 12- years of age presented a decreased case fatality rate
(OR=0.28 [95% CI 0.14-0.54]) when compared to other
patients age groups. We significantly associated no other
sociodemographic characteristics with the case fatality rate
in G1 (SM Part IV. Table 1).

Clinical characteristics

Regarding clinical symptoms, most of the patients who
died in G1 presented clinical symptoms related to a more
severe clinical condition such as dyspnea (OR=1.83 [95%
CI 1.37-2.45]), respiratory distress (OR=1.90 [95% CI
1.46-2.47]), and low SpO, (<95%) (OR=1.85 [95%
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Table 2 Multivariate analysis
using the demographic data
and the clinical symptoms to
differentiate the severe acute
respiratory syndrome (SARS)
patients into the group of
patients with Down syndrome
(DS) and SARS-CoV-2
RT-PCR-positive (COVID-19)
(G1) from those patients with
non-DS (without comorbidities)
with COVID-19 (G3)

Patient characteristic® B SE Wald df  P-value OR 95%CI for OR
Lower Upper
Age groups
<1 y.o. (infant) 0.661 0.227 8.467 1 0.004 1937 1.241 3.023
1-12 y.o. (child) 0.391 0213 3388 1 0.066 1479 0.975 2.243
13-24 y.o. (youth) 1.138  0.136 69516 1 <0.001 3.119 2.387 4.075
25-60 y.o. (mature, adult) 75.020 3 <0.001
Living in an urban area -0.600 0.144 17.367 1 <0.001 0549 0414 0.728
Nosocomial infection 1.008 0240 17.606 1 <0.001 2741 1.711 4.389
Fever -0.141 0.084 2791 1 0.095 0.868 0.736 1.025
Cough -0.245 0.089 7514 1 0.006 0.783 0.657 0.933
Peripheral arterial oxygen 0.746  0.092  66.494 1 0.000 2.110 1.763 2.524
saturation < 95%
Vomit 0.271 0.123 4856 1 0.028 1.311 1.030 1.667
Loss of taste -0.571 0.139 16900 1 <0.001 0.565 0.430 0.742
Myalgia -0.723 0.166 18971 1 <0.001 0.485 0.350 0.672
Headache -0.769 0.164 21930 1 <0.001 0.463 0.336 0.639
Coryza 0.789 0.172  21.047 1 <0.001 2201 1.571 3.083
Inappetence (loss of appetite) 0.645 0.209 9483 1 0.002 1.905 1.264 2.872
Cyanosis 2428 0408 35448 1 <0.001 11.339 5.098 25219
Prostration 1.103 0.232  22.681 1 <0.001 3.014 1914 4.745
Malaise -1.046 0.581 3238 1 0.072 0.351 0.112 1.098
Chest pain -1.109 0412 7263 1 0.007 0.330 0.147 0.739
Back pain —1.048 0.580 3261 1 0.071 0.351 0.112 1.094
Constant -4.343  0.172 634993 1 <0.001 0.013

COVID-19 Coronavirus Disease, y.o. years of age, SE standard error, df degrees of freedom, R7T-PCR real-
time polymerase chain reaction, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, OR odds
ratio, 95% CI 95% confidence interval

"We deleted the patients with DS and other comorbidities [presence of cardiopathy (which included the
medical history of congenital heart disease, repaired or non-repaired), hematologic disorder, hepatic disor-
der, asthma, diabetes mellitus, chronic neurological disease, chronic lung disease, immunosuppression dis-
order, renal disorder, obesity, cancer, systemic arterial hypertension, thyroid disease, alcoholism, smoking,
and other comorbidities without the identification in the dataset or with a low number of individuals to be
part of an independent group of clinical marker]

We obtained the data at OpenDataSUS (https://opendatasus.saude.gov.br/), and we enrolled only hospital-
ized patients in the dataset. The data obtained covered the first year of the COVID-19 pandemic in Brazil
(from 03 January 2020 to 04 April 2021)

#The model included the patients’ characteristics with a significant P-value in the bivariate model. We used
the following patients’ characteristics: age, place of residence, presence of nosocomial infection, and clini-
cal symptoms (fever, cough, sore throat, dyspnea, respiratory distress, peripheral arterial oxygen satura-
tion <95%, vomit, fatigue and asthenia, loss of smell, loss of taste, myalgia, headache, coryza, inappetence
(loss of appetite), cyanosis, prostration, malaise, sneezing, back pain, and chest pain). We evaluated the
data for the presence of multicollinearity

CI 1.41-2.44]). We associated some of those symptoms
with a high frequency of hospital discharge, such as diar-
rhea (OR=0.54 [95% CI 0.39-0.74]) and abdominal pain
(OR=0.47 [95% CI 0.28-0.78]) (SM Part IV. Table 2).
In addition, regarding comorbidities, we associated only
obesity with a high case fatality rate (OR=2.04 [95% CI
1.52-2.74]). In contrast, we associated other comorbidities
such as asthma (OR=0.59 [95% CI 0.37-0.93]), hepatop-
athy (OR=0.53 [95% CI 0.32-0.88]), and hematologic

disorder (OR=0.56 [95% CI 0.34-0.93]) with a higher fre-
quency in patients who had clinical recovery (SM Part IV.
Table 3).

Outcomes
Patients who required ICU treatment (OR=3.92 [95% CI

3.09-4.99)) or invasive (OR=14.22 [95% CI 9.49-21.29])
and noninvasive (OR=1.665 [95% CI 1.15-2.40])
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OR values represent the
chance of death against
clinical recovery among
individuals in G1 [patients
with Down syndrome and
SARS-CoV-2 RT-PCR-
positive (COVID-19)]
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Fig.6 Odds ratio (OR) values and the 95% confidence interval (95%
CI) for the chance of death (case fatality rate) against clinical recov-
ery among individuals in G1 [patients with Down syndrome and
SARS-CoV-2 RT-PCR positive - Coronavirus Disease (COVID)-
19]. We compared the prevalence of patients with invasive and non-
invasive methods for mechanical ventilation with the prevalence of
patients who did not require mechanical ventilation. Also, we com-
pared the prevalence of patients in each age category with the preva-
lence of patients in the other age categories. We obtained the data at
OpenDataSUS (https://opendatasus.saude.gov.br/), and we enrolled
only hospitalized patients in the dataset. The data obtained covered
the first year of the COVID-19 pandemic in Brazil (from 03 January
2020 to 04 April 2021). y.o., years of age, RT-PCR real-time poly-
merase chain reaction, SpO, peripheral arterial oxygen saturation, MV
mechanical ventilation, /CU intensive care unit. We presented only
data with a significative P-value (<0.05) in the bivariate model, and
we used a log, scale

mechanical ventilation were more likely to die than to
recover (SM Part IV. Table 4).

Multivariate analysis

We performed Binary logistic regression to determine
whether the patients’ characteristics in the G1 group could
predict the chance of death (case fatality rate) in these
patients. The model containing the selected character-
istics was significant in predicting the case fatality rate
in G1 [Chi-square = 152.549; df=10; P-value < 0.001].
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The demographic data and comorbidities associated with
enhanced death (P <0.05) in this model were the presence
of obesity [OR=1.74 (95% CI 1.03-2.92)]; need for ICU
[OR=1.64 (95% CI 1.03-2.60)]; and need for invasive
mechanical ventilation [OR =10.74 (95% CI 5.19-22.2)],
whereas individuals living in an urban area [OR =0.43
(95% CI0.21-0.88)] and diagnosed with the hepatic dis-
order [OR=0.39 (95% CI 0.16-0.96)] were more likely to
recover. No clinical symptom was significant in the mul-
tivariate analysis. We summarize all the data in Table 3.

Discussion

Several patients’ characteristics have been associated with
worse outcomes in patients with COVID-19, such as obe-
sity and older age (Petrilli et al. 2020; Telle et al. 2021;
Bhaskaran et al. 2021). In addition, few studies have evalu-
ated the impact of the SARS-CoV-2 infection on patients
with DS, and most of them observed a high death rate or
an increased number of COVID-19-positive patients who
needed mechanical ventilation (Hiils et al. 2021; Malle
et al. 2021b; Illouz et al. 2021; Clift et al. 2021; Emami
et al. 2021). To the best of our knowledge, our study is
the only one that has evaluated a larger sample of patients
with DS and COVID-19 (1619 patients: G1) to date. Also,
we included two other different groups [G2: patients with
DS who were diagnosed with non-COVID-19 respiratory
infection—SARI; and G3: non-DS (without comorbidi-
ties) patients with COVID-19]. Most of the SARI patients
in all groups were male (65.3%) and aged between 25- and
60-years-old (91.0%).

Since race can play an essential role as a risk factor for
the SARS-CoV-2 infection, most of the patients in G1 and
G3 were White. Reports showed that the burden on Black
people is heavier since they are at higher risk of COVID-19
infection and death, mainly in Brazil (Golestaneh et al. 2020;
Mackey et al. 2021; Martins-Filho et al. 2021). The race
distribution might be explained by low access to the Public
Health System for some racial groups (Silva et al. 2020),
leading to underreporting of COVID-19 cases among Pardos
and Black patients (Carvalho et al. 2021). White patients in
Brazil can afford the services of private healthcare institu-
tions, which have plenty of resources such as SARS-CoV-2
tests, enhancing their diagnosis capacity.

Our data demonstrated that the most prevalent symptoms
in patients in the G1 and G2 groups were cough and fever,
which follows a previous report (Guan et al. 2020). Moreo-
ver, we observed a high prevalence of dyspnea and respira-
tory distress in patients with DS, consistent with a more
severe clinical condition (Guan et al. 2020). Our findings
are similar to previous studies, demonstrating a more severe
impact of COVID-19 and non-COVID-19 SARI in patients
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Table 3 Multivariate analysis
using the demographic data,
the clinical symptoms, the
comorbidities, and the follow-up
of the patients during the
hospitalization to differentiate
the Down syndrome (DS)
patients with SARS-CoV-2
RT-PCR-positive (COVID-19)
who died from those who had
clinical recovery

Patient characteristic B SE Wald df P-value OR 95%ClI for OR
Lower Upper
Living in an urban area —0.832 0364 5214 1 0.022 0435 0.213  0.889
Diarrhea —0.577 0302 3.649 1 0.056 0.562 0.311 1.015
Loss of smell —0.684 0424 2.603 1 0.107 0.504 0.220 1.158
Cyanosis 1.777 1.159 2.353 1 0.125 5913 0.610 57.286
Hepatic disorder* —0.929 0457 4.128 1 0.042 0.395 0.161  0.968
Obesity 0.554 0.265 4.374 1 0.036 1.740 1.035 2924
Need for intensive care unit 0.495 0.236 4.376 1 0.036 1.640 1.032  2.607
Mechanical ventilation
Invasive mechanical ventilation 2.374 0.370 41.067 1 <0.001 10.742 5.197 22.203
Non-invasive mechanical ventilation 0.288 0.315 0.834 1 0.361 1.333 0.719 2472
No required 66.047 2 <0.001
Constant —0.829 0.439 3.566 1 0.059 0.437

COVID-19 Coronavirus Disease, y.o. years of age, RT-PCR real-time polymerase chain reaction, SE stand-
ard error, df degrees of freedom, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, OR odds
ratio, 95% CI 95% confidence interval

*All the patients who presented hepatic disorder aged between 13- to 24- years of age (4/88 patients) or
between 25- to 60- years of age (84/88 patients), and this factor can contribute to the unexpected result

‘We obtained the data at OpenDataSUS (https://opendatasus.saude.gov.br/), and we enrolled only hospital-
ized patients in the dataset. The data obtained covered the first year of the COVID-19 pandemic in Brazil
(from 03 January 2020 to 04 April 2021)

#The model included the patients’ characteristics with a significant P-value in the bivariate model. We
used the following patients’ characteristics: age, place of residence, clinical symptoms (dyspnea, respira-
tory distress, peripheral arterial oxygen saturation < 95%, diarrhea, abdominal pain, loss of smell, loss of
taste, and cyanosis), comorbidities (hematologic disorder, hepatic disorder, asthma, obesity), and follow-up
(need for intensive care unit and mechanical ventilation support). We evaluated the data for the presence of

multicollinearity

with DS (Pérez-Padilla et al. 2010; De Toma and Dierssen
2021; Hiils et al. 2021; Malle et al. 2021b; Illouz et al. 2021;
Clift et al. 2021; Emami et al. 2021).

Several factors might be associated with a high infec-
tion rate by SARS-CoV-2 in patients with DS. For exam-
ple, the TMPRSS2, which encodes a protein involved in the
fusion between the virus and the cell, is located in chro-
mosome 21; thus, overexpression of this gene due to the
extra chromosome 21 in patients with DS might lead to an
increased fusion rate between the virus and the cell mem-
brane (Paoloni-Giacobino et al. 1997; De Cauwer 2020;
Illouz et al. 2021). Patients with DS have several metabolic
disorders, including endocytosis dysregulation. Dysregula-
tion occurs due to increased expression of Synaptojanin-1,
Intersectin-1, and Regulator of calcineurin 1. In addition,
those patients have higher expression of pro-inflammatory
cytokines, like IL-6, TNF-alpha, and interferon pathway,
which could lead to an increased risk for the SARS-CoV-2
infection (Patel et al. 2015; Botté and Potier 2020; Altable
and de la Serna 2021; Illouz et al. 2021).

Several studies have observed a higher infection chance
for several viruses in patients with DS as well as greater
severity, with a nearly 16-fold-increased hospitalization

chance, an eight fold-increased intubation chance, and a
300-fold-increased chance of death from Influenza infec-
tion (Pérez-Padilla et al. 2010; Beckhaus and Castro-Rodri-
guez 2018; Mitra et al. 2018; Illouz et al. 2021). Most of the
hospitalized patients in G1 were young, maybe due to the
hospitalization criteria chosen by the health professionals
assisting those patients. Also, we identified a higher chance
of a COVID-19 diagnosis in places that had previous flu
outbreaks. In this context, previous endemics might heighten
sensitivity for future pandemics, leading such citizens to be
more alert to a COVID-19 diagnosis.

Moreover, there are few heterogeneous studies on DS and
COVID-19, and because of that, it is difficult to establish
the exact risk factors linked to death or high infection rate
in patients with DS (Babamahmoodi et al. 2020; Villani
et al. 2020; Malik and Kathuria 2021; Vazquez-Hernandez
et al. 2021; Newman et al. 2021; Vita et al. 2021; Alsahabi
et al. 2021; Hiils et al. 2021; Malle et al. 2021b; Illouz et al.
2021; Clift et al. 2021; El Kaouini et al. 2012; Emami et al.
2021; Real de Asua et al. 2021; Kuczborska et al. 2022).
For instance, Illouz et al. (2021) observed that patients
with DS and COVID-19 were younger and presented lower
socioeconomic status; and, curiously, in a recent study, it
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was demonstrated that the socioeconomic status evaluated
by the Human Development Index was associated with a
higher case fatality rate in Brazil (Palamim et al. 2022).
Most of the patients with DS showed chronic lung disease
or heart failure than non-DS COVID-19-positive patients
(Illouz et al. 2021). For Malle et al. (2021a, b), patients
with DS and with COVID-19 presented a higher preva-
lence of epilepsy, hypothyroidism, sepsis, and the need for
invasive mechanical ventilation (Malle et al. 2021b). In the
study put forward by Emami et al. (2021), patients with DS
and with COVID-19 were more likely to require invasive
mechanical ventilation and die (Emami et al. 2021). Clift
et al. (2021) observed a high incidence of death and the
need for hospitalization in patients with DS and positive for
COVID-19 (Clift et al. 2021a). Asua et al. (2021) compared
patients with DS and COVID-19 and patients with DS and
non-COVID-19 pneumonia. Those authors observed higher
in-hospital mortality in patients with COVID-19 and DS
(Real de Asua et al. 2021). Finally, one of the most exten-
sive trials reported that hospitalized patients with DS and
positive COVID-19 were more likely to be of advanced age,
male, obese, and have diabetes mellitus (Hiils et al. 2021).
Importantly, in our study, several symptoms and clinical
characteristics were more associated with death in G1, such
as age between 25- and 60- years of age, dyspnea, respira-
tory distress, low SpO, (<95%), and obesity, corroborat-
ing with the literature. Also, patients in G1 who needed
ICU treatment and ventilatory support were more likely to
die, which shows that our results are similar to the findings
of previous studies (Hiils et al. 2021; Malle et al. 2021b;
Illouz et al. 2021; Clift et al. 2021; Emami et al. 2021).
Many other small studies, as case reports and case series,
described patients with DS and COVID-19, and in most of
the reports, they presented a high frequency of deleterious
outcomes such as death, need for ICU, or need for invasive
mechanical ventilation (Babamahmoodi et al. 2020; Villani
et al. 2020; Kantar et al. 2020; Malik and Kathuria 2021;
Vazquez-Hernandez et al. 2021; Newman et al. 2021; Vita
et al. 2021; Alsahabi et al. 2021; Kim-Hellmuth et al. 2021;
El Kaouini et al. 2012; Malle et al. 2021a; Kuczborska et al.
2022). Furthermore, since our study is the most extensive
study of this type until now, the chance for type II error is
decreased due to the larger sample size. But we have some
limitations, as described below.

Nevertheless, the toll of COVID-19 is not limited to
patients with DS. In a recent report, learning disability
seems to be a risk factor for enhanced hospitalization and
death due to COVID-19. Severe learning disability was asso-
ciated with an even higher risk of death (Turk et al. 2020;
Landes et al. 2020; Williamson et al. 2021). Unfortunately,
these patients with a learning disability, such as patients with
DS, are also more likely to present several clinical and soci-
odemographic characteristics, including obesity, diabetes
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mellitus, epilepsy, and poverty, which can contribute to the
enhanced risk of death by COVID-19 (Emerson et al. 2016;
Kinnear et al. 2018; Williamson et al. 2020, 2021; Perera
et al. 2020).

Many measures can be taken to attenuate the SARS-
CoV-2 infection and its spread, such as hand hygiene, facial
masks, social distancing, COVID-19 vaccination, and self-
isolation (Reich and Elward 2022; Dey et al. 2022). How-
ever, due to the learning disability found in patients with
DS, some of these measures might be challenging (Ortega
et al. 2020). The lack of proper information associated with
a learning disability might have made this group more vul-
nerable to COVID-19 (Courtenay and Perera 2020; William-
son et al. 2021). Nevertheless, it is noteworthy how patients
with DS have unique behavioral and cognitive traits, such as
constancy, commitment to habitual tasks, and tenacity; they
also try to imitate and repeat several behaviors, almost as a
ritual (Wishart 2007; Grieco et al. 2015; Ortega et al. 2020).
These cognitive traits, allied to their behavior, might lead to
a better understanding of protective measures, enhancing
their willingness to stick to them in patients without severe
learning disabilities (Ortega et al. 2020).

Our data demonstrated that some patients with DS and
COVID-19 have a higher chance of death, perhaps by the
genetic condition itself or because they are more likely to
present several comorbidities that can also contribute to
death. Public health measures aiming to prevent the dis-
ease, such as early containment and valuable advice for
patients with DS, are relevant and necessary (Dard et al.
2020). In Brazil, to the best of our knowledge, three insti-
tutions (Down Syndrome Foundation, Pontifical Catholic
University of Campinas, and Brazilian Cardiology Society)
developed support materials to instruct patients with DS
and their families in primary health care prevention, which
was quite helpful (Russo et al. 2020). Families of patients
with DS and individuals in contact with them must follow
prevention measures (Cammarata-Scalisi et al. 2020). Also,
we noticed that age was a risk factor for death only in the
bivariate model. Maybe, the patients’ distribution and the
high number of clinical markers included in the multivari-
ate analysis could mask the association between the risk for
death and older age. Also, some reports did not find evidence
of a higher chance of death according to age, mainly due
to the severity and the presence of the DS phenotype. For
example, patients with DS at an older age can present with
a less severe spectrum of DS. Finally, as reported by Clift
in a previous report: “There was no evidence of interactions
between DS and age, sex, or body mass index” (Clift et al.
2021).

Although the Brazilian Ministry of Health has placed
people with DS in a risk category for severe COVID-19
(as previous data proved greater vulnerability to respiratory
infections, mainly due to the RSV and Influenza), they were
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not considered a priority group to receive COVID-19 vac-
cination. The vaccination against COVID-19 began in Brazil
in mid-January 2021 for health workers, institutionalized
people (who reside in nursing homes) 4+ 60 years of age,
institutionalized people with disabilities, and the Indigenous
peoples living in villages (Boschiero et al. 2021a). People
with DS + 18 years of age were included as a priority group
in the National Vaccination Plan in May 2021. However,
several hindrances hampered the vaccination of patients with
DS, such as the significant impact of COVID-19 in Brazil,
and the poor management of the health crisis, including the
low vaccination rate resulting from the delay in buying the
vaccines (Boschiero et al. 2021a, b). Until November 2021,
Brazil accounted for 157,394,902 (~75%) individuals vac-
cinated with the first dose and 123,671,574 (~59%) indi-
viduals vaccinated with two doses, placing Brazil behind
countries such as Japan, Italy, Italy, the USA, and Germany
(Ritchie et al. 2020). Unfortunately, the COVID-19 vaccina-
tion of patients with DS as a priority group started after the
study period in Brazil.

Another important aspect regarding the patients with
DS is a proper response to the COVID-19 vaccines since
an inadequate immune response occurred for the hepa-
titis B, Influenza A/HIN1 and meningococcal vaccines
(Kusters et al. 2011, 2012; Nisihara et al. 2014). Patients
with DS have low lymphocyte count, impaired antibody
response, cell-mediated immunodeficiency, and a con-
stitutive Type I interferon pathway (Carsetti et al. 2015;
MacLean et al. 2018; Huggard et al. 2018; Illouz et al.
2021). Those features could lead to an inadequate immune
response to vaccines. Although no trial has evaluated the
immune response of patients with DS for COVID-19
yet, this raises some questions about whether standard
doses are sufficient to immunize those patients properly.
The immune response of patients with DS to the vac-
cines should be better evaluated and, perhaps, to assess
whether a booster vaccine dosage might be necessary for
the patients’ immunization, as it is already happening
among the elderly and immunosuppressed in Brazilian
patients.

Our study also may shed some light on the under-
standing of clinical and epidemiological characteristics
of patients with DS and COVID-19, demonstrating how
vulnerable they are. Future studies should also focus on
how the SARS-CoV-2 vaccination could attenuate the
burden of COVID-19 in patients with DS.

Study limitations
We used a public dataset and did not access the original

data. Some epidemiological data were not attributed to
the dataset for all patients, reducing the study power for

some statistical analyses. There is evidence of COVID-
19 underreporting in Brazil, and since we did not have
access to the original data, we could not control for this
study’s bias. Some important markers were not included
in the dataset correctly as the medicine types used during
the follow-up and the length of stay in the hospital for
patients with DS. Although this dataset is one of the larg-
est in Brazil, we observed several data inconsistencies.
For instance, many patients with DS were + 70 years of
age, which is an infrequent event. The health professional
calculated the body mass index and inputted classifica-
tion into the dataset. Thus, we did not have access to the
crude body mass index. Also, it was impossible to deter-
mine each disease from the disease spectrum regarding
some patients’ comorbidities, such as cardiopathy (which
included the medical history of congenital heart disease,
repaired or non-repaired), chronic neurologic disease,
and chronic lung disease. The COVID-19 disease evolu-
tion presented a different outcome among the Brazilian
regions due to the different impacts on the health system
of each area. However, we could not perform a distinc-
tive analysis due to the low number of patients with DS
analyzed in each Brazilian state and the Federal District.
Since the patients in the G3 group did not have DS or
any comorbidities, comparisons with this group should
be interpreted carefully. Also, the group of patients with
non-COVID-19 SARI included individuals with the
absence of a positive SARS-CoV-2 RT-PCR. However, it
was not possible to affirm that all patients from G2 were
negative for SARS-CoV-2 infection due to limitations in
the diagnostic tests.

Highlights

e This study shows how patients with DS are affected by
the COVID-19 pandemic in Brazil.

e Patients with DS and COVID-19 are more likely to die
and need invasive mechanical ventilation or ICU treat-
ment than patients with DS and non-COVID-19 res-
piratory infection and patients without DS and COVID-
19.

e This study is one of the most extensive investigations
that comprised and analyzed patients with DS and
COVID-19.

e This study demonstrates that some characteristics such
as obesity, dyspnea, respiratory distress, ICU treatment,
and the need for invasive mechanical ventilation were
risk factors for death in patients with DS and COVID-
19.

e This study might encourage public health measures
aimed at this vulnerable population, mainly the public
ones.

@ Springer
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Conclusions

Unvaccinated patients with DS and positive for COVID-19
were more affected by the disease than the general popula-
tion, with an enhanced case fatality rate. In addition, patients
with DS and COVID-19-positive demonstrated different
characteristics, such as comorbidities and clinical symptoms,
that might help physicians evaluate patients with a higher
chance of death from the disease.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00439-022-02468-3.

Acknowledgements The authors, mainly FALM, who coordinated the
study, thank Professor Carmen Silvia Bertuzzo, who collaborated with
interpreting the findings and is the mother of a person with Down
syndrome. Also, Professor Carmen Silvia Bertuzzo dedicated her life
to studying genetic conditions such as Down syndrome and guided
Professor FALM during his postgraduate studies.

Author contributions MNB and FALM performed data collection and
corrected the data input. MNB, CVCP, MMO, and FALM performed
the data interpretation, and FALM performed the statistical analyses.
All the authors wrote and approved the manuscript and agreed with its
submission to the Human Genetics journal.

Funding MNB received a grant from FAPESP (Brazilian acronym for
Fundacdo de Amparo a Pesquisa do Estado de Sao Paulo [Sao Paulo
Research Foundation]; #2021/05810-7).

Availability of data and materials According to the severe acute res-
piratory infection surveillance, the Brazilian Ministry of Health input-
ted the data in the OpenDataSUS (https://opendatasus.saude.gov.br/)
considering the Information System platform for Epidemiological Sur-
veillance of Influenza (SIVEP-Flu).

Code availability Not required.

Declarations

Conflict of interest None.

Ethics approval The data used in our study are publicly available. It
is a consent-free study for being anonymized since it does not present
risks to the participants and is exempt from ethical approval by an
Ethics Committee.

Consent to participate Not required.

Consent for publication The authors approved the manuscript and
agreed with its submission.

References

Alsahabi I, Alobaidi A, Alahmari AS et al (2021) Clinical presentation
and successful management of an infant with Down syndrome and
COVID-19 in Riyadh, Saudi Arabia. Cureus 13:e13188. https://
doi.org/10.7759/cureus.13188

@ Springer

Altable M, de la Serna JM (2021) Down’s syndrome and COVID-19:
risk or protection factor against infection? A molecular and genetic
approach. Neurol Sci off J Ital Neurol Soc Ital Soc Clin Neuro-
physiol 42:407-413. https://doi.org/10.1007/s10072-020-04880-x

Babamahmoodi A, Moniri A, Sadr M et al (2020) Trisomy 21 as a
risk factor for severe illness in COVID-19: report of two cases.
Tanaffos 19:413-417

Baqui P, Bica I, Marra V et al (2020) Ethnic and regional variations
in hospital mortality from COVID-19 in Brazil: a cross-sectional
observational study. Lancet Glob Health 8:e1018-e1026. https://
doi.org/10.1016/S2214-109X(20)30285-0

Baqui P, Marra V, Alaa AM et al (2021) Comparing COVID-19 risk
factors in Brazil using machine learning: the importance of socio-
economic, demographic and structural factors. Sci Rep 11:15591.
https://doi.org/10.1038/s41598-021-95004-8

Beckhaus AA, Castro-Rodriguez JA (2018) Down syndrome and
the risk of severe RSV infection: a meta-analysis. Pediatrics
142:e20180225. https://doi.org/10.1542/peds.2018-0225

Bhaskaran K, Bacon S, Evans SJ et al (2021) Factors associated with
deaths due to COVID-19 versus other causes: population-based
cohort analysis of UK primary care data and linked national
death registrations within the OpenSAFELY platform. Lancet
Reg Health Eur 6:100109. https://doi.org/10.1016/j.1anepe.2021.
100109

Boschiero MN, Palamim CVC, Marson FAL (2021a) The hindrances
to perform the COVID-19 vaccination in Brazil. Hum Vaccines
Immunother. https://doi.org/10.1080/21645515.2021.1955607

Boschiero MN, Palamim CVC, Ortega MM et al (2021b) One year
of coronavirus disease 2019 (COVID-19) in Brazil: a political
and social overview. Ann Glob Health 87:44. https://doi.org/10.
5334/aogh.3182

Boschiero MN, Duarte A, Palamim CVC et al (2022) Frequency of
respiratory pathogens other than SARS-CoV-2 detected during
COVID-19 testing. Diagn Microbiol Infect Dis 102:115576.
https://doi.org/10.1016/j.diagmicrobio.2021.115576

Botté A, Potier M-C (2020) Focusing on cellular biomarkers: the endo-
lysosomal pathway in Down syndrome. Prog Brain Res 251:209—
243. https://doi.org/10.1016/bs.pbr.2019.10.002

Cammarata-Scalisi F, Cardenas Tadich A, Medina M, Callea M (2020)
Trisomy 21 and the coronavirus disease 2019 (COVID-19). Arch
Argent Pediatr 118:230-231. https://doi.org/10.5546/aap.2020.
eng.230

Carsetti R, Valentini D, Marcellini V et al (2015) Reduced numbers
of switched memory B cells with high terminal differentiation
potential in Down syndrome. Eur J Immunol 45:903-914. https://
doi.org/10.1002/eji.201445049

Carvalho TA, Boschiero MN, Marson FAL (2021) COVID-19 in
Brazil: 150,000 deaths and the Brazilian underreporting. Diagn
Microbiol Infect Dis 99:115258. https://doi.org/10.1016/j.diagm
icrobio.2020.115258

Cataldo AM, Mathews PM, Boiteau AB et al (2008) Down syndrome
fibroblast model of Alzheimer-related endosome pathology: accel-
erated endocytosis promotes late endocytic defects. Am J Pathol
173:370-384. https://doi.org/10.2353/ajpath.2008.071053

Clift AK, Coupland CAC, Keogh RH et al (2021) COVID-19 mor-
tality risk in Down syndrome: results from a cohort study of 8
million adults. Ann Intern Med 174:572-576. https://doi.org/10.
7326/M20-4986

Courtenay K, Perera B (2020) COVID-19 and people with intellectual
disability: impacts of a pandemic. Ir J Psychol Med 37:231-236.
https://doi.org/10.1017/ipm.2020.45

Dard R, Janel N, Vialard F (2020) COVID-19 and Down’s syndrome:
are we heading for a disaster? Eur J] Hum Genet 28:1477-1478.
https://doi.org/10.1038/s41431-020-0696-7


https://doi.org/10.1007/s00439-022-02468-3
https://opendatasus.saude.gov.br/
https://doi.org/10.7759/cureus.13188
https://doi.org/10.7759/cureus.13188
https://doi.org/10.1007/s10072-020-04880-x
https://doi.org/10.1016/S2214-109X(20)30285-0
https://doi.org/10.1016/S2214-109X(20)30285-0
https://doi.org/10.1038/s41598-021-95004-8
https://doi.org/10.1542/peds.2018-0225
https://doi.org/10.1016/j.lanepe.2021.100109
https://doi.org/10.1016/j.lanepe.2021.100109
https://doi.org/10.1080/21645515.2021.1955607
https://doi.org/10.5334/aogh.3182
https://doi.org/10.5334/aogh.3182
https://doi.org/10.1016/j.diagmicrobio.2021.115576
https://doi.org/10.1016/bs.pbr.2019.10.002
https://doi.org/10.5546/aap.2020.eng.230
https://doi.org/10.5546/aap.2020.eng.230
https://doi.org/10.1002/eji.201445049
https://doi.org/10.1002/eji.201445049
https://doi.org/10.1016/j.diagmicrobio.2020.115258
https://doi.org/10.1016/j.diagmicrobio.2020.115258
https://doi.org/10.2353/ajpath.2008.071053
https://doi.org/10.7326/M20-4986
https://doi.org/10.7326/M20-4986
https://doi.org/10.1017/ipm.2020.45
https://doi.org/10.1038/s41431-020-0696-7

Human Genetics (2022) 141:1887-1904

1903

da Silva NN, Favacho VBC, de Boska GA, et al (2020) Access of the
black population to health services: integrative review. Rev Bras
Enferm 73:e20180834-e20180834

De Cauwer H (2020) The SARS-CoV-2 receptor, ACE-2, is expressed
on many different cell types: implications for ACE-inhibitor- and
angiotensin II receptor blocker-based cardiovascular therapies:
comment. Intern Emerg Med 15:1581-1582. https://doi.org/10.
1007/s11739-020-02406-z

De Toma I, Dierssen M (2021) Network analysis of Down syn-
drome and SARS-CoV-2 identifies risk and protective fac-
tors for COVID-19. Sci Rep 11:1930. https://doi.org/10.1038/
s41598-021-81451-w

de Souza WM, Buss LF, da Candido DS et al (2020) Epidemiologi-
cal and clinical characteristics of the COVID-19 epidemic in
Brazil. Nat Hum Behav 4:856-865. https://doi.org/10.1038/
$41562-020-0928-4

del Ortega MC, Borrel JM, Bermejo de TJ et al (2020) Lessons from
individuals with Down syndrome during COVID-19. Lancet Neu-
rol 19:974-975. https://doi.org/10.1016/S1474-4422(20)30401-4

Dey SK, Rahman MM, Siddiqi UR et al (2022) Global landscape of
COVID-19 vaccination progress: insight from an exploratory data
analysis. Hum Vaccines Immunother 18:2025009. https://doi.org/
10.1080/21645515.2021.2025009

Dyussenbayev A (2017) The Main Periods of Human Life. Glob J
Hum-Soc Sci Res 17:32-36

El Kaouini A, El Rhalete A, Aabdi M et al (2012) (2021) COVID 19
pneumonia in Down syndrome patients: about 2 cases. Ann Med
Surg 65:102324. https://doi.org/10.1016/j.amsu.2021.102324

Emami A, Javanmardi F, Akbari A, Asadi-Pooya AA (2021) COVID-
19 in patients with Down syndrome. Neurol Sci off J Ital Neurol
Soc Ital Soc Clin Neurophysiol 42:1649-1652. https://doi.org/10.
1007/510072-021-05091-8

Emerson E, Hatton C, Baines S, Robertson J (2016) The physical
health of British adults with intellectual disability: cross sec-
tional study. Int J Equity Health 15:11. https://doi.org/10.1186/
$12939-016-0296-x

Espinosa JM (2020) Down syndrome and COVID-19: a perfect storm?
Cell Rep Med 1:100019. https://doi.org/10.1016/j.xcrm.2020.
100019

Freitas ARR, Beckedorff OA, de Cavalcanti LP, G, et al (2021) The
emergence of novel SARS-CoV-2 variant P.1 in Amazonas (Bra-
zil) was temporally associated with a change in the age and sex
profile of COVID-19 mortality: a population based ecological
study. Lancet Reg Health Am 1:100021. https://doi.org/10.1016/j.
lana.2021.100021

Golestaneh L, Neugarten J, Fisher M et al (2020) The association of
race and COVID-19 mortality. EClinicalMedicine 25:100455.
https://doi.org/10.1016/j.eclinm.2020.100455

Grieco J, Pulsifer M, Seligsohn K et al (2015) Down syndrome: cog-
nitive and behavioral functioning across the lifespan. Am J Med
Genet C Semin Med Genet 169:135-149. https://doi.org/10.1002/
ajmg.c.31439

Guan W-J, Ni Z-Y, Hu Y et al (2020) Clinical characteristics of coro-
navirus disease 2019 in China. N Engl J Med 382:1708-1720.
https://doi.org/10.1056/NEJM0a2002032

Hillesheim D, Tomasi YT, Figueiré TH, de Paiva KM (2020) Severe
Acute Respiratory Syndrome due to COVID-19 among children
and adolescents in Brazil: profile of deaths and hospital lethality
as at Epidemiological Week 38, 2020. Epidemiol E Serv Saude
Rev Sist Unico Saude Bras 29:¢2020644. https://doi.org/10.1590/
S$1679-49742020000500021

Hoffmann M, Kleine-Weber H, Schroeder S et al (2020) SARS-CoV-2
cell entry depends on ACE2 and TMPRSS2 and is blocked by a
clinically proven protease inhibitor. Cell 181:271-280.e8. https://
doi.org/10.1016/j.cell.2020.02.052

Huggard D, McGrane F, Lagan N et al (2018) Altered endotoxin
responsiveness in healthy children with Down syndrome. BMC
Immunol 19:31. https://doi.org/10.1186/s12865-018-0270-z

Hiils A, Costa ACS, Dierssen M et al (2021) Medical vulnerability of
individuals with Down syndrome to severe COVID-19-data from
the Trisomy 21 Research Society and the UK ISARIC4C survey.
EClinicalMedicine 33:100769. https://doi.org/10.1016/j.eclinm.
2021.100769

Illouz T, Biragyn A, Frenkel-Morgenstern M et al (2021) Specific sus-
ceptibility to COVID-19 in adults with Down syndrome. Neu-
romolecular Med. https://doi.org/10.1007/s12017-021-08651-5

Inoue Y, Tanaka N, Tanaka Y et al (2007) Clathrin-dependent entry
of severe acute respiratory syndrome coronavirus into target
cells expressing ACE2 with the cytoplasmic tail deleted. J Virol
81:8722-8729. https://doi.org/10.1128/IVI.00253-07

Izbicki R, Bastos LS, Izbicki M et al (2021) How many hospitalizations
has the COVID-19 vaccination already prevented in Sdo Paulo?
Clin Sao Paulo. https://doi.org/10.6061/clinics/2021/e3250

Jiang Y, Rigoglioso A, Peterhoff CM et al (2016) Partial BACE1 reduc-
tion in a Down syndrome mouse model blocks Alzheimer-related
endosomal anomalies and cholinergic neurodegeneration: role of
APP-CTF. Neurobiol Aging 39:90-98. https://doi.org/10.1016/j.
neurobiolaging.2015.11.013

Kantar A, Mazza A, Bonanomi E et al (2020) COVID-19 and children
with Down syndrome: is there any real reason to worry? Two case
reports with severe course. BMC Pediatr 20:561. https://doi.org/
10.1186/512887-020-02471-5

Kawa H, da Correia DMS, Kazniakowski AW et al (2021) Desempenho
dos municipios da regido metropolitana do Rio de Janeiro nas
hospitaliza¢des por Covid-19. Estudo baseado no SIVEP-Gripe.
Res Soc Dev 10:¢25710111611. https://doi.org/10.33448/rsd-
v10il.11611

Kim S, Sato Y, Mohan PS et al (2016) Evidence that the rab5 effector
APPL1 mediates APP-BCTF-induced dysfunction of endosomes
in Down syndrome and Alzheimer’s disease. Mol Psychiatry
21:707-716. https://doi.org/10.1038/mp.2015.97

Kim-Hellmuth S, Hermann M, Eilenberger J et al (2021) SARS-
CoV-2 triggering severe acute respiratory distress syndrome and
secondary hemophagocytic lymphohistiocytosis in a 3-year-old
child with Down syndrome. J Pediatr Infect Dis Soc 10:543-546.
https://doi.org/10.1093/jpids/piaal48

Kinnear D, Morrison J, Allan L et al (2018) Prevalence of physical
conditions and multimorbidity in a cohort of adults with intel-
lectual disabilities with and without Down syndrome: cross-
sectional study. BMJ Open 8:¢018292. https://doi.org/10.1136/
bmjopen-2017-018292

Kuczborska K, Buda P, Ksiagzyk JB (2022) Different course of
SARS-CoV-2 infection in two adolescents with other immuno-
suppressive factors. Cureus 14:¢22710. https://doi.org/10.7759/
cureus.22710

Kusters MA, Jol-Van Der Zijde ECM, Gijsbers RHIM, de Vries E
(2011) Decreased response after conjugated meningococcal sero-
group C vaccination in children with Down syndrome. Pediatr
Infect Dis J 30:818-819. https://doi.org/10.1097/INF.0b013e3182
2233f9

Kusters MA, Bok VLA, Bolz WEA et al (2012) Influenza A/HINT1 vac-
cination response is inadequate in down syndrome children when
the latest cut-off values are used. Pediatr Infect Dis J 31:1284—
1285. https://doi.org/10.1097/INF.0b013e3182737410

Landes SD, Turk MA, Formica MK et al (2020) COVID-19 outcomes
among people with intellectual and developmental disability liv-
ing in residential group homes in New York State. Disabil Health
J 13:100969. https://doi.org/10.1016/j.dhjo.2020.100969

Mackey K, Ayers CK, Kondo KK et al (2021) Racial and ethnic dispari-
ties in COVID-19-related infections, hospitalizations, and deaths :

@ Springer


https://doi.org/10.1007/s11739-020-02406-z
https://doi.org/10.1007/s11739-020-02406-z
https://doi.org/10.1038/s41598-021-81451-w
https://doi.org/10.1038/s41598-021-81451-w
https://doi.org/10.1038/s41562-020-0928-4
https://doi.org/10.1038/s41562-020-0928-4
https://doi.org/10.1016/S1474-4422(20)30401-4
https://doi.org/10.1080/21645515.2021.2025009
https://doi.org/10.1080/21645515.2021.2025009
https://doi.org/10.1016/j.amsu.2021.102324
https://doi.org/10.1007/s10072-021-05091-8
https://doi.org/10.1007/s10072-021-05091-8
https://doi.org/10.1186/s12939-016-0296-x
https://doi.org/10.1186/s12939-016-0296-x
https://doi.org/10.1016/j.xcrm.2020.100019
https://doi.org/10.1016/j.xcrm.2020.100019
https://doi.org/10.1016/j.lana.2021.100021
https://doi.org/10.1016/j.lana.2021.100021
https://doi.org/10.1016/j.eclinm.2020.100455
https://doi.org/10.1002/ajmg.c.31439
https://doi.org/10.1002/ajmg.c.31439
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1590/S1679-49742020000500021
https://doi.org/10.1590/S1679-49742020000500021
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1186/s12865-018-0270-z
https://doi.org/10.1016/j.eclinm.2021.100769
https://doi.org/10.1016/j.eclinm.2021.100769
https://doi.org/10.1007/s12017-021-08651-5
https://doi.org/10.1128/JVI.00253-07
https://doi.org/10.6061/clinics/2021/e3250
https://doi.org/10.1016/j.neurobiolaging.2015.11.013
https://doi.org/10.1016/j.neurobiolaging.2015.11.013
https://doi.org/10.1186/s12887-020-02471-5
https://doi.org/10.1186/s12887-020-02471-5
https://doi.org/10.33448/rsd-v10i1.11611
https://doi.org/10.33448/rsd-v10i1.11611
https://doi.org/10.1038/mp.2015.97
https://doi.org/10.1093/jpids/piaa148
https://doi.org/10.1136/bmjopen-2017-018292
https://doi.org/10.1136/bmjopen-2017-018292
https://doi.org/10.7759/cureus.22710
https://doi.org/10.7759/cureus.22710
https://doi.org/10.1097/INF.0b013e31822233f9
https://doi.org/10.1097/INF.0b013e31822233f9
https://doi.org/10.1097/INF.0b013e3182737410
https://doi.org/10.1016/j.dhjo.2020.100969

1904

Human Genetics (2022) 141:1887-1904

a systematic review. Ann Intern Med 174:362-373. https://doi.
org/10.7326/M20-6306

MacLean GA, McEldoon J, Huang J et al (2018) Downregulation of
endothelin receptor B contributes to defective B cell lymphopoie-
sis in trisomy 21 pluripotent stem cells. Sci Rep 8:8001. https://
doi.org/10.1038/s41598-018-26123-y

Malik S, Kathuria A (2021) COVID-19 infection in a Down syndrome
child. Sudan J Paediatr 21:182—185. https://doi.org/10.24911/SJP.
106-1615470988

Malle L, Bastard P, Martin-Nalda A et al (2021a) Atypical inflamma-
tory syndrome triggered by SARS-CoV-2 in infants with Down
syndrome. J Clin Immunol 41:1457-1462. https://doi.org/10.
1007/s10875-021-01078-4

Malle L, Gao C, Hur C et al (2021b) Individuals with Down syndrome
hospitalized with COVID-19 have more severe disease. Genet
Med off ] Am Coll Med Genet 23:576-580. https://doi.org/10.
1038/541436-020-01004-w

Martins-Filho PR, Aratdjo BCL, Sposato KB et al (2021) Racial dis-
parities in COVID-19-related deaths in Brazil: black lives matter?
J Epidemiol 31:239-240. https://doi.org/10.2188/jea.JE20200589

Mitra S, El Azrak M, McCord H, Paes BA (2018) Hospitalization for
respiratory syncytial virus in children with Down syndrome less
than 2 years of age: a systematic review and meta-analysis. J Pedi-
atr 203:92-100.e3. https://doi.org/10.1016/j.jpeds.2018.08.006

Newman AM, Jhaveri R, Patel AB et al (2021) Trisomy 21 and coro-
navirus disease 2019 in pediatric patients. J Pediatr 228:294-296.
https://doi.org/10.1016/j.jpeds.2020.08.067

Nisihara R, De Bem RS, Negreiros PHR et al (2014) Low hepatitis B
vaccine response in children with Down syndrome from Brazil.
Child Care Health Dev 40:607-609. https://doi.org/10.1111/cch.
12099

Palamim CVC, Boschiero MN, Valencise FE, Marson FAL (2022)
Human development index is associated with COVID-19 case
fatality rate in Brazil: an ecological study. Int J Environ Res Public
Health 19:5306. https://doi.org/10.3390/ijerph19095306

Paoloni-Giacobino A, Chen H, Peitsch MC et al (1997) Cloning of
the TMPRSS2 gene, which encodes a novel serine protease
with transmembrane, LDLRA, and SRCR domains and maps to
21q22.3. Genomics 44:309-320. https://doi.org/10.1006/geno.
1997.4845

Patel A, Yamashita N, Ascafio M et al (2015) RCANI links impaired
neurotrophin trafficking to aberrant development of the sympa-
thetic nervous system in Down syndrome. Nat Commun 6:10119.
https://doi.org/10.1038/ncomms10119

Perera B, Laugharne R, Henley W et al (2020) COVID-19 deaths in
people with intellectual disability in the UK and Ireland: descrip-
tive study. Bjpsych Open 6:€123. https://doi.org/10.1192/bjo.
2020.102

Pérez-Padilla R, Fernandez R, Garcia-Sancho C et al (2010) Pandemic
(HINT) 2009 virus and Down syndrome patients. Emerg Infect
Dis 16:1312-1314. https://doi.org/10.3201/eid1608.091931

Petrilli CM, Jones SA, Yang J et al (2020) Factors associated with
hospital admission and critical illness among 5279 people with
coronavirus disease 2019 in New York City: prospective cohort
study. BMJ 369:m1966. https://doi.org/10.1136/bmj.m1966

Ranzani OT, Bastos LSL, Gelli JGM et al (2021) Characterisation of
the first 250,000 hospital admissions for COVID-19 in Brazil:
a retrospective analysis of nationwide data. Lancet Respir Med
9:407-418. https://doi.org/10.1016/S2213-2600(20)30560-9

Real de Asua D, Mayer MA, del Ortega M, C, et al (2021) Comparison
of COVID-19 and non-COVID-19 pneumonia in down syndrome.
J Clin Med 10:3748. https://doi.org/10.3390/jcm10163748

@ Springer

Reich P, Elward A (2022) Infection prevention during the coronavirus
disease 2019 pandemic. Infect Dis Clin N Am 36:15-37. https://
doi.org/10.1016/j.idc.2021.12.002

Ritchie H, Mathieu E, Rodés-Guirao L et al (2020) Coronavirus pan-
demic (COVID-19). Our world data. https://ourworldindata.org/
coronavirus. Accessed 10 Nov 2021

Russo GC, Bernardes N, Baraldi NR et al (2020) A¢oes contra a Covid-
19 na Populag¢do com Sindrome de Down. Arq Bras Cardiol
115:939-941. https://doi.org/10.36660/abc.20200685

Sansone NMS, Boschiero MN, Ortega MM et al (2022) Severe acute
respiratory syndrome by SARS-CoV-2 infection or other etiologic
agents among Brazilian indigenous population: an observational
study from the first year of coronavirus disease (COVID)-19 Pan-
demic. Lancet Reg Health Am. https://doi.org/10.1016/j.1ana.
2021.100177

Telle KE, Grgsland M, Helgeland J, Haberg SE (2021) Factors associ-
ated with hospitalization, invasive mechanical ventilation treat-
ment and death among all confirmed COVID-19 cases in Norway:
prospective cohort study. Scand J Public Health 49:41-47. https://
doi.org/10.1177/1403494820985172

Turk MA, Landes SD, Formica MK, Goss KD (2020) Intellectual and
developmental disability and COVID-19 case-fatality trends:
TriNetX analysis. Disabil Health J 13:100942. https://doi.org/10.
1016/j.dhjo.2020.100942

Vacinago contra a Covid-19 no Brasil - #PATRIAVACINADA. https://
www.gov.br/saude/pt-br/vacinacao. Accessed 10 Nov 2021

Vazquez-Hernandez PI, Cardenas-Conejo A, Catalan-Ruiz MA et al
(2021) Multiple organ failure associated with SARS-CoV-2 infec-
tion in a child with Down syndrome: is trisomy 21 associated with
an unfavourable clinical course? Case Rep Pediatr 2021:5893242.
https://doi.org/10.1155/2021/5893242

Villani ER, Carfi A, Di Paola A et al (2020) Clinical characteristics
of individuals with Down syndrome deceased with CoVID-19 in
Italy—a case series. Am J Med Genet A 182:2964-2970. https://
doi.org/10.1002/ajmg.a.61867

Vita S, Di Bari V, Corpolongo A et al (2021) Down Syndrome patients
with COVID-19 pneumonia: a high-risk category for unfavour-
able outcome. Int J Infect Dis IJID off Publ Int Soc Infect Dis
103:607-610. https://doi.org/10.1016/j.ijid.2020.11.188

Williamson EJ, Walker AJ, Bhaskaran K et al (2020) Factors associ-
ated with COVID-19-related death using OpenSAFELY. Nature
584:430-436. https://doi.org/10.1038/s41586-020-2521-4

Williamson EJ, McDonald HI, Bhaskaran K et al (2021) Risks of
covid-19 hospital admission and death for people with learning
disability: population based cohort study using the OpenSAFELY
platform. BMJ 374:n1592. https://doi.org/10.1136/bmj.n1592

Wishart JG (2007) Socio-cognitive understanding: a strength or weak-
ness in Down’s syndrome? J Intellect Disabil Res JIDR 51:996—
1005. https://doi.org/10.1111/j.1365-2788.2007.01007.x

Zeiser FA, Donida B, da Costa CA et al (2022) First and second
COVID-19 waves in Brazil: A cross-sectional study of patients’
characteristics related to hospitalization and in-hospital mortal-
ity. Lancet Reg Health Am. https://doi.org/10.1016/j.1ana.2021.
100107

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.7326/M20-6306
https://doi.org/10.7326/M20-6306
https://doi.org/10.1038/s41598-018-26123-y
https://doi.org/10.1038/s41598-018-26123-y
https://doi.org/10.24911/SJP.106-1615470988
https://doi.org/10.24911/SJP.106-1615470988
https://doi.org/10.1007/s10875-021-01078-4
https://doi.org/10.1007/s10875-021-01078-4
https://doi.org/10.1038/s41436-020-01004-w
https://doi.org/10.1038/s41436-020-01004-w
https://doi.org/10.2188/jea.JE20200589
https://doi.org/10.1016/j.jpeds.2018.08.006
https://doi.org/10.1016/j.jpeds.2020.08.067
https://doi.org/10.1111/cch.12099
https://doi.org/10.1111/cch.12099
https://doi.org/10.3390/ijerph19095306
https://doi.org/10.1006/geno.1997.4845
https://doi.org/10.1006/geno.1997.4845
https://doi.org/10.1038/ncomms10119
https://doi.org/10.1192/bjo.2020.102
https://doi.org/10.1192/bjo.2020.102
https://doi.org/10.3201/eid1608.091931
https://doi.org/10.1136/bmj.m1966
https://doi.org/10.1016/S2213-2600(20)30560-9
https://doi.org/10.3390/jcm10163748
https://doi.org/10.1016/j.idc.2021.12.002
https://doi.org/10.1016/j.idc.2021.12.002
https://ourworldindata.org/coronavirus
https://ourworldindata.org/coronavirus
https://doi.org/10.36660/abc.20200685
https://doi.org/10.1016/j.lana.2021.100177
https://doi.org/10.1016/j.lana.2021.100177
https://doi.org/10.1177/1403494820985172
https://doi.org/10.1177/1403494820985172
https://doi.org/10.1016/j.dhjo.2020.100942
https://doi.org/10.1016/j.dhjo.2020.100942
https://www.gov.br/saude/pt-br/vacinacao
https://www.gov.br/saude/pt-br/vacinacao
https://doi.org/10.1155/2021/5893242
https://doi.org/10.1002/ajmg.a.61867
https://doi.org/10.1002/ajmg.a.61867
https://doi.org/10.1016/j.ijid.2020.11.188
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1136/bmj.n1592
https://doi.org/10.1111/j.1365-2788.2007.01007.x
https://doi.org/10.1016/j.lana.2021.100107
https://doi.org/10.1016/j.lana.2021.100107

	Clinical characteristics and comorbidities of COVID-19 in unvaccinated patients with Down syndrome: first year report in Brazil
	Abstract
	Introduction
	Materials and methods
	Results
	SARI patients’ demographic and clinical characteristics
	Profiles of the viruses found in the patients included in the epidemiologic analysis
	Comparison between patients with COVID-19 and DS (G1) versus patients with non-COVID-19 SARI and DS (G2)
	Demographic characteristics
	Clinical characteristics
	Outcomes
	Multivariate analysis

	Comparison of patients with COVID-19 and DS (G1) and non-DS (without comorbidities) patients with COVID-19 (G3)
	Demographic characteristics
	Clinical characteristics
	Outcomes
	Multivariate analysis

	Characteristics associated with enhanced chance of death in patients with COVID-19 and DS (G1)
	Demographic characteristics
	Clinical characteristics
	Outcomes
	Multivariate analysis


	Discussion
	Study limitations

	Highlights
	Conclusions
	Acknowledgements 
	References




