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ABSTRACT
Introduction  Since the beginning of the COVID-19 
pandemic, in Brazil, there has been a high rate of deaths, 
mainly among those who were hospitalised due to the 
disease and those who needed intensive care units (ICUs) 
and mechanical ventilation support.
Methods  The study evaluated the hospitalised patients 
with COVID-19 as well as subgroups considering those 
hospitalised patients who needed ICU treatment and those 
who received invasive mechanical ventilation in an ICU. 
The risk of death was compared in these three groups 
with adjustments for gender, age, race and comorbidities. 
A multivariable analysis was performed to identify the 
main predictors of death. A hospitalised patient was 
considered COVID-19 positive if they had a positive real-
time polymerase chain reaction (RT-PCR) or serological 
test, followed by a notification form completed by a 
health professional, usually a medical doctor. The study 
was approved by the ethics committee of the institution 
(Certificate of Presentation of Ethical Appreciation n° 
67241323.0.0000.5514; Study Approval Technical Opinion 
n° 5.908.611).
Results  The study evaluated 2 031 309 hospitalised 
individuals with COVID-19. The case fatality rate was 
33.2% (673 527/2 031 309). The case fatality rate was 
even higher among those patients who required ICU 
(372 031/665 621; 55.9%) treatment with the need for 
invasive ventilation support (240 704/303 505; 79.3%). 
In the multivariable analysis, the male sex (OR=1.14; 
95% CI=1.13–1.15), older age [61 to 72 years old 
(OR=2.43; 95% CI=2.41–2.46), 83 to 85 years old 
(OR=4.10; 95% CI=4.06–4.14) and+85 years (OR=6.98; 
95% CI=6.88–7.07)], race [mixed individuals (Pardos) 
(OR=1.33; 95% CI=1.32–1.34), Black people (OR=1.57; 
95% CI=1.55–1.60) and Indigenous peoples (OR=1.82, 
95% CI=1.69–1.97)] and the presence of comorbidities 
[mainly, hepatic disorder (OR=1.80; 95% CI=1.73–1.87), 
immunosuppressive disorder (OR=1.80; 95% CI=1.76–
1.84) and kidney disorder (OR=1.67; 95% CI=1.64–1.70)] 
were associated with an increased chance of death, except 
asthma (OR=0.77; 95% CI=0.75–0.79). In addition, among 
all admitted patients with COVID-19, the need for an ICU 
(OR=2.08; 95% CI=2.06–2.13) and invasive ventilatory 

support (OR=14.86; 95% CI=14.66–15.05) had an impact 
on death as an outcome.
Conclusion  Although the number of daily deaths from 
the coronavirus dropped during the COVID-19 pandemic 
in Brazil, our retrospective analysis showed a higher case 
fatality rate in patients requiring ICU, mainly when using 
invasive ventilation, compared with the rest of the world.

INTRODUCTION
Brazil is one of the countries most affected by 
the COVID-19 pandemic, with high rates of 
death, mainly among those who were hospi-
talised due to the disease, culminating in 
the need for intensive care units (ICUs) and 
mechanical ventilation support.1–3 To date, on 
13 April 2024, SARS-CoV-2 infection affected 
704 753 890 individuals, causing the deaths of 
7 010 681 individuals worldwide.4 At the same 
time, Brazil counted 38 743 918 cases and 
711 380 deaths.4

In such context, we performed an epide-
miological study using the data available at 
Open-Data-SUS (https://opendatasus.saude.​

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ COVID-19 has wide phenotypic variability with 
mild to severe symptoms that can culminate in 
the need for hospitalisation and intensive support 
with the need for mechanical ventilation. During 
the COVID-19 pandemic, many countries presented 
high rates of infection, which culminated in a neg-
ative impact on health services, especially those of 
universal healthcare systems. Brazil experienced a 
significantly high incidence of SARS-CoV-2 infection 
and mortality rates compared with other nations. 
Furthermore, although significant advances in un-
derstanding the disease have been reported, there 
is still much to learn about the disease.

https://bmjpublichealth.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjph-2023-000724&domain=pdf&date_stamp=2025-03-14
http://orcid.org/0000-0003-4955-4234
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gov.br/)5 from 1 January 2020 to 6 April 2023, which 
comprised 3 years of the pandemic in Brazil to evaluate 
the case fatality rate in hospitalised Brazilian patients due 
to COVID-19, particularly among those who required 
ICU treatment or even to receive invasive mechanical 
ventilation.

METHODS
The severe acute respiratory infection surveillance data 
were recorded by the Brazilian Ministry of Health using 
the Information System Platform for Epidemiological 
Surveillance of Influenza (SIVEP-Flu, acronym for Sistema 
de Informação de Vigilância Epidemiológica da Gripe). From 
this dataset, the patients with COVID-19 were classified 
into the following groups: (a) the entire population of 
hospitalised patients with COVID-19, (b) hospitalised 
patients with COVID-19 who needed intensive care treat-
ment and (c) hospitalised patients with COVID-19 who 
received invasive mechanical ventilation (figure 1). The 
dataset is representative of the entire Brazilian population 

since the Brazilian Ministry of Health records it from the 
entire Brazilian territory.

The clinical characteristics included in the study were 
gender (male and female), age (grouped in the following 
categories: <1-year-old, 1 to 12 years old, 13 to 24 years 
old, 25 to 60 years old, 61 to 72 years old, 73 to 85 years 
old and +85 years old, race (White people, Black people, 
Asian individuals, Mixed (Pardos or Brown) individuals 
and Indigenous peoples) and comorbidities (comor-
bidity (any), cardiopathy, haematological disorder, Down 
syndrome, hepatic disorder, asthma, diabetes mellitus, 
neurological disorder, chronic lung disease, immuno-
suppressive disorder, kidney disorder, obesity and other 
comorbidities). The comorbidities evaluated in the study 
were obtained directly from the original data published 
by the Brazilian Ministry of Health. Finally, the number 
of vaccines against COVID-19 distributed in Brazil was 
presented in the online supplemental material of the 
study and was not included as an adjustment because of 
the high rate of missingness.

The race classification was performed according to 
the Brazilian Institute of Geography and Statistics,6 and 
the age stratification was performed according to the 
literature and previous study from our study group.7–12 
The ‘comorbidities (any)’ category includes anyone 
with at least one comorbidity. The ‘other comorbidities’ 
category includes anyone with at least one comorbidity 
not included in the other comorbidity categories. The 
data collection for gender, age, race and comorbidities 
was performed during the admission of the patient at 
the hospital by a health professional, usually a medical 
doctor.

A hospitalised patient was considered COVID-19 posi-
tive if they had a positive real-time polymerase chain 
reaction (RT-PCR) or serological test, followed by a noti-
fication form completed by a health professional, usually 
a medical doctor.13

Missing data were imputed for characteristics that had 
between 5% and 40% missingness in the database. Charac-
teristics with more than 40% missing data were excluded 
from the inferential statistical plan such as the vaccina-
tion status against COVID-19. We included the missing 
data only for the independent variables such as gender, 
age, race and comorbidities. Patients with missing data 
for dependent variables were not included in the study. 
Missing data were thus imputed using XLSTAT Statistical 
Software for Excel (Addinsoft Inc, Paris, Île-de-France, 
France). Missing qualitative data (categorical data) were 
estimated using the NIPALS (Nonlinear Iterative Partial 
Least Squares) algorithm. In our study, we did not eval-
uate non-categorical data. The XLSTAT statistical soft-
ware generated a new Excel data set (.xls), which was used 
to perform statistical analyses in the Statistical Package 
for the Social Sciences (SPSS) software (IBM SPSS Statis-
tics for Macintosh, Version 27.0, IBM Inc., Armonk NY, 
USA) and OpenEpi software (OpenEpi: Open-Source 
Epidemiologic Statistics for Public Health, Version 3.01. 
www.OpenEpi.com, April 06, 2013). The chance of death 

WHAT THIS STUDY ADDS
	⇒ The present study describes the mortality rates associated with 
hospitalisation due to COVID-19 in Brazil during the 3 years of the 
pandemic. The study calculated the death rate in three groups: (a) 
all hospitalised patients, (b) hospitalised patients who required in-
tensive care and (c) hospitalised patients who required intensive 
care with invasive ventilatory support. Among the study findings, 
there were higher mortality rates in Brazil in patients who need in-
tensive care, mainly associated with invasive ventilation compared 
with the global scenario. Furthermore, demographic and clinical 
factors were associated with a higher risk of death. In this context, 
there is a need for effective management and resource allocation 
strategies. These findings highlight the importance of contextual-
ised approaches in combating COVID-19, offering crucial insights 
into the determinants of mortality, to guide public health efforts to 
reduce fatalities, especially in our country, which was one of the 
epicentres of the disease.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

	⇒ The study could have significant implications for research, practice 
and policies related to the management of COVID-19, especially 
in scenarios of health service collapse like the one that occurred 
in Brazil. The findings provide insights into the factors that con-
tribute to mortality among hospitalised patients, enabling further 
investigation into the underlying mechanisms and the development 
of effective interventions for populations, especially those at high 
risk. Healthcare professionals can use the results shown to op-
timise management strategies, especially in intensive care units 
and in individuals requiring invasive ventilation, adapting treatment 
approaches to improve infection outcomes through personalised 
medicine. Health managers can use the findings of this study to 
direct public health policies to reduce mortality rates, including 
improving access to critical services and health infrastructure. 
Preventative measures, such as the use of masks and social dis-
tancing, should also be highlighted. This multifaceted approach is 
highlighted as crucial to meeting the challenges of the current pan-
demic and future events.

https://opendatasus.saude.gov.br/
https://dx.doi.org/10.1136/bmjph-2023-000724
www.OpenEpi.com
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among the patients was estimated and stratified by clin-
ical characteristics in each of the three groups.

The X2 test was used to evaluate the differences and 
significance of the presence of death or clinical recovery 
(hospital discharge) according to the clinical character-
istics of the individuals with a positive SARS-CoV-2 infec-
tion. In our data, the results from the X2 test were used 
to select the markers to be included in the multivariable 
analysis. The OR and 95% CI were calculated to estimate 
the association of each marker with death. The study 
presented the OR and its CI as measures of association 
according to the main characteristics of our dataset. The 
OR was calculated using the OpenEpi software for 2 × 2 
tables, including the value for each patient characteristic.

Multivariable analysis was performed using the Binary 
Logistic Regression Model with the Backward Stepwise 
method. The response variable was the health outcome 
(recovery—hospital discharge or death). Data for 

comorbidities (any) or others and patient characteristics 
with P value >0.05 in the bivariate analysis were not used. 
Multicollinearity among the study markers considering 
cut-off points <0.1 for tolerance and >10 for the variance 
inflation factor was tested before carrying out the statis-
tical inference analysis.

The results were compiled in tables and figures. Figures 
were created using GraphPad Prism version 10.2.3 for 
Mac (http://www.graphpad.com, GraphPad Software, San 
Diego CA, USA). In the figures, the ORs and their 95% CI 
are presented using a Log10 rank scale due to the higher OR 
identified for the use of invasive mechanical ventilation. An 
alpha value of 0.05 was set as statistically significant.

The study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Institution’s 
Ethics Committee (Certificate of Presentation of Ethical 
Appreciation n° 67241323.0.0000.5514; Study Approval 
Technical Opinion n° 5.908.611).

Hospitalized patients due to
coronavirus disease (COVID)-19 in

Brazil - 2 031 309 patients

i) deaths - 673 527 (33.2%) patients
ii) hospital discharge - 1 357 782 (66.8%) patients

GROUP 1

The patients were hospitalized in an
intensive care unit 
- 665 621 patients

The patients were not hospitalized in an
intensive care unit

- 1 365 688 patients

i) deaths - 372 031 (55.9%) patients
ii) hospital discharge - 293 590 (44.1%) patients

GROUP 2

i) deaths - 301 496 (22.1%) patients
ii) hospital discharge - 1 064 192 (77.9%)

patients

The patients were hospitalized in an
intensive care unit and required an
invasive ventilation support
- 303 505 patients

The patients were not hospitalized in an
intensive care unit and required an

invasive mechanical ventilation support
- 55 965 patients

i) deaths - 240 704 (79.3%) patients
ii) hospital discharge - 62 801 (20.7%) patients

GROUP 3

i) deaths - 37 301 (66.7%) patients
ii) hospital discharge - 18 664 (33.3%) patients

Figure 1  Flowchart of inclusion of patients with COVID-19 in Brazil. The data are presented according to the absolute (N) 
and relative (%) numbers. The entire population was evaluated as Group 1. The patients who needed intensive care unit 
(ICU) were accounted for in the group of hospitalised patients due to COVID-19 (Group 2). The patients who needed ICU and 
received invasive mechanical ventilation were accounted for in the group of hospitalised patients due to COVID-19 as well as 
in the group of patients who needed ICU (Group 3). The data presented in the study are available at Open-Data-SUS (https://
opendatasus.saude.gov.br/).

http://www.graphpad.com
https://opendatasus.saude.gov.br/
https://opendatasus.saude.gov.br/
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Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of our 
research.

RESULTS
Our study had an initial sample of 3 551 556 hospitalised 
patients presenting severe acute respiratory infections. 
Of those patients, 2 031 309 individuals had COVID-19 
and 673 527 (33.2%) died. Of the entire study popula-
tion, 665 621 patients were hospitalised in an ICU, and, 
among them, death occurred for 372 031 (55.9%) cases. 
Also, among the patients treated in an ICU, 303 505 
used invasive mechanical ventilation support with a case 
fatality rate of 79.3% represented by the death of 240 704 
individuals (figure 1).

In Brazil, there were high rates of deaths associated 
with COVID-19 in the entire study population. The 
rates varied from 20.6% (March 2023) to 40.9% (May 
2020) (online supplemental table 1, figure 2). In addi-
tion, among those patients who needed intensive care 
treatment, the rates varied from 35.4% (March 2021) 

to 65.0% (November 2022) (online supplemental table 
1, figure  2). Those rates were even higher in patients 
who were hospitalised in an ICU and required invasive 
mechanical ventilation support. The case fatality rates 
varied from 60.8% (October 2022) to 82.7% (April 2021) 
(online supplemental table 1, figure 2). Among patients 
who required invasive mechanical ventilation support, 
there were 8 months where the case fatality rate was above 
80% ((2020) May and August, (2021) January, March, 
April, and November, (2022) February and March). 
COVID-19 vaccination was rolled out in January 2021 in 
Brazil. After the vaccination, there was a huge reduction 
in the number of hospitalisations, which dropped from 
139 903 (March 2021) to 2716 (March 2023). The reduc-
tion in the number of hospitalisations was accompanied 
by a reduction in the need for intensive care and inva-
sive ventilatory support. The complete information about 
the case fatality rates as well as the number of discharges 
from the hospital are presented in online supplemental 
table 1 and figure 2.

Table 1 presents the clinical characteristics of hospi-
talised patients due to COVID-19 in Brazil. Among 

Figure 2  (a) Percentage of deaths (case fatality rate, CFR) among hospitalised patients due to COVID-19 in Brazil according 
to the months of filling out the notification form. (b) Percentage of deaths among hospitalised patients due to COVID-19 in 
Brazil who needed intensive care treatment according to the months of filling out the notification form. (c) Percentage of deaths 
among hospitalised patients due to COVID-19 in Brazil who received invasive mechanical ventilation support according to the 
months of filling out the notification form. The individuals’ data were retrieved from the Brazilian Ministry of Health – Open-
Data-SUS (https://opendatasus.saude.gov.br/) platform and corresponded to 3 years of the COVID-19 pandemic (from 1 
January 2020 to 6 April 2023). In March 2020, 11 cases from February 2020 were included; and in March 2023, 13 cases 
from April 2023 were included. The complete information is presented in table 1. The vaccination against COVID-19 started 
in January 2021 in Brazil. The patients who needed intensive care unit (ICU) admission were accounted for in the group of 
hospitalised patients due to COVID-19. The patients who needed ICU admission and received invasive mechanical ventilation 
were accounted for in the group of hospitalised patients due to COVID-19 as well as in the group of patients who needed ICU 
admission. The complete information about the study grouping can be assessed in figure 1.

https://dx.doi.org/10.1136/bmjph-2023-000724
https://dx.doi.org/10.1136/bmjph-2023-000724
https://dx.doi.org/10.1136/bmjph-2023-000724
https://dx.doi.org/10.1136/bmjph-2023-000724
https://dx.doi.org/10.1136/bmjph-2023-000724
https://dx.doi.org/10.1136/bmjph-2023-000724
https://opendatasus.saude.gov.br/
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Table 1  Distribution of the clinical characteristics among hospitalised Brazilian patients due to COVID-19 according to 
notification date and the need for intensive care unit (ICU) treatment and ICU plus invasive mechanical ventilation (IMV) 
treatment

Marker Data

Hospitalised patients 
with COVID-19
(n=2 031 309)

Patients who needed 
ICU**
(n=665 621)

Patients who needed 
ICU and received IMV††
(n=303 505)

Gender Male 1 118 526 (55.1%) 378 675 (56.9%) 172 754 (56.9%)

Female 912 783 (44.9%) 286 946 (43.1%) 130 751 (43.1%)

Age <1 year old 16 700 (0.8%) 4589 (0.7%) 1356 (0.4%)

1 to 12 years old 26 038 (1.3%) 5707 (0.9%) 1462 (0.5%)

13 to 24 years old 41 242 (2.0%) 9164 (1.4%) 3384 (1.1%)

25 to 60 years old 984 220 (48.5%) 291 745 (43.8%) 126 581 (41.7%)

61 to 72 years old 462 106 (22.7%) 170 771 (25.7%) 85 840 (28.3%)

73 to 85 years old 369 429 (18.2%) 139 190 (20.9%) 67 661 (22.3%)

+85 years old 131 574 (6.5%) 44 455 (6.7%) 17 221 (5.7%)

Race White people 1 166 448 (57.4%) 389 697 (58.5%) 175 905 (58.0%)

Black people 86 408 (4.3%) 29 050 (4.4%) 13 780 (4.5%)

Asian individuals 19 955 (1.0%) 6602 (1.0%) 2824 (0.9%)

Mixed individuals 
(Pardos)

754 479 (37.1%) 239 319 (36.0%) 110 503 (36.4%)

Indigenous peoples 4019 (0.2%) 953 (0.1%) 493 (0.2%)

Comorbidities Comorbidity (any)‡ 1 479 585 (72.8%) 526 933 (79.2%) 247 209 (81.5%)

Cardiopathy 928 332 (45.7%) 327 842 (49.3%) 153 425 (50.6%)

Haematological disorder 13 448 (0.7%) 5409 (0.9%) 2686 (0.9%)

Down syndrome 5491 (0.3%) 2345 (0.4%) 1217 (0.4%)

Hepatic disorder 15 396 (0.8%) 6688 (1.0%) 3658 (1.2%)

Asthma 49 663 (2.4%) 17 225 (2.6%) 7777 (2.6%)

Diabetes mellitus 614 977 (30.3%) 220 313 (33.1%) 106 596 (35.1%)

Neurological disorder 74 087 (3.6%) 28 596 (4.3%) 13 583 (4.5%)

Chronic lung disease 67 112 (3.3%) 29 204 (4.4%) 15 270 (5.0%)

Immunosuppressive 
disorder

46 836 (2.3%) 18 545 (2.8%) 9554 (3.1%)

Kidney disorder 69 090 (3.4%) 33 249 (5.0%) 17 123 (5.6%)

Obesity 160 729 (7.9%) 77 275 (11.6%) 42 529 (14.0%)

Other comorbidities‡ 853 575 (42.0%) 298 734 (44.9%) 137 892 (45.4%)

ICU Presence 665 621 (32.8%) NA NA

Absence 1 365 688 (67.2%) NA NA

Mechanical 
ventilatory support

Invasive 359 470 (17.7%) 303 505 (45.6%) NA

Non-invasive 1 294 610 (63.7%) 309 691 (46.5%) NA

None 377 229 (18.6%) 52 425 (7.9%) NA

The data is presented according to the absolute (N) and relative (%) numbers.
The data presented in the study is available at Open-Data-SUS (https://opendatasus.saude.gov.br/).
*The patients who needed ICU were accounted for in the group of hospitalised patients due to COVID-19.
†The patients who needed ICU and received invasive mechanical ventilation support were accounted for in the group of hospitalised patients 
due to COVID-19 as well as in the group of patients who needed ICU admission. The complete information about the study grouping can be 
assessed in figure 1.
‡About the comorbidities, the comorbidity (any) marker represents the presence of at least one comorbidity. In addition, the other 
comorbidity marker represents the presence of at least one comorbidity that was not classified in the other groups of clinical markers.
NA, not applicable.

https://opendatasus.saude.gov.br/
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the patients, there was a high prevalence of male sex 
(55.1%), individuals aged between 25 and 60 years 
(48.5%) and White people (72.8%). The similar clin-
ical profile was observed for the patients who were 
hospitalised in an ICU even using invasive mechanical 
ventilation. At least 72.8% of the patients presented 
one comorbidity in the entire population. However, 
this number increased to 79.2% among those indi-
viduals hospitalised in an ICU and to 81.5% in the 
cases of patients hospitalised in an ICU using invasive 
mechanical ventilation support. The main comorbid-
ities in the entire study population were cardiopa-
thies (45.7%), diabetes mellitus (30.3%) and obesity 
(7.9%). The same comorbidities presented higher 
prevalence in the other study groups (patients treated 
in an ICU and patients treated in an ICU using inva-
sive mechanical ventilation support).

The association between the clinical markers evaluated 
in the study and the chance of death is presented in detail 
for the three groups as follows: (a) all admitted patients 
with COVID-19 (figures  3 and 4, online supplemental 
table 2); (b) among those who needed ICU treatment 
(figures 3 and 4, online supplemental table 3); (c) and 
among those who received invasive mechanical ventila-
tion support (figures 3 and 4, online supplemental table 
4).

Among all admitted patients with COVID-19, the male 
sex (33.6% vs 32.6%), older age [61 to 72 years old 
(40.7% vs 21.7%), 83 to 85 years old (50.9% vs 21.7%) 
and +85 years (58.7% vs 21.7%)], race [Black people 
(39.5% vs 31.6%), Indigenous peoples (35.9% vs 31.6%) 
and Mixed individuals (Pardos) (34.8% vs 31.6%)] and 
the presence of comorbidities [mainly, kidney disorder 
(55.0% vs 32.4%), hepatic disorder (52.4% vs 33.0%) and 
neurological disorder (51.6% vs 32.5%)] were associated 
with an increased chance of death, except asthma (28.2% 
vs 33.3%). In addition, among all admitted patients with 
COVID-19, the need for an ICU admission (55.9% vs 
22.1%) and invasive ventilatory support (77.3% vs 13.4%) 
had an impact on death as an outcome (figures 3 and 4, 
online supplemental table 2).

In the group of patients who required ICU treatment, 
the following clinical characteristics were associated with 
a higher chance of death: older age [61 to 72 years old 
(63.3% vs 44.2%), 83 to 85 years old (70.8% vs 44.2%) 
and +85 years (73.1% vs 44.2%)], race [Black people 
(61.2% vs 54.1%), Indigenous peoples (61.2% vs 54.1%) 
and Mixed individuals (Pardos) (58.2% vs 54.1%)] and 
the presence of comorbidities [mainly, hepatic disorder 
(72.4% vs 55.7%), kidney disorder (71.0% vs 55.1%) and 
chronic lung disease (69.9% vs 55.3%)], except asthma 
(50.5% vs 56.0%). In addition, the need for invasive 
mechanical ventilatory support (79.3% vs 22.2%) had an 
impact on death as an outcome (figures 3 and 4, online 
supplemental table 3).

Among the patients who required invasive mechanical 
ventilation in an ICU, the following clinical characteristics 
were associated with a higher chance of death: male sex 

(79.7% vs 78.8%), older age [61 to 72 years old (84.0% 
vs 70.1%), 83 to 85 years old (90.2% vs 70.1%) and +85 
years (93.1% vs 70.1%)], race [Black people (83.2% vs 
77.4%), Mixed individuals (Pardos) (81.9% vs 77.4%) 
and Indigenous peoples (81.5% vs 77.4%)] and the pres-
ence of comorbidities [mainly, kidney disorder (88.8% vs 
78.7%), hepatic disorder (87.6% vs 79.2%) and chronic 
lung disease (87.2% vs 78.9%)], except asthma (75.4% 
vs 79.4%) (figures 3 and 4, online supplemental table 4).

In the multivariable analysis, male sex, older age [61 
to 72 years old, 83 to 85 years old, and +85 years], race 
[mixed individuals (Pardos), Black people and Indig-
enous peoples] and the presence of comorbidities 
[mainly, hepatic disorder, immunosuppressive disorder 
and kidney disorder] were associated with an increased 
chance of death. In addition, among all admitted patients 
with COVID-19, the need for an ICU and invasive venti-
latory support had an impact on death as an outcome 
(figure 4, online supplemental table 5).

In Brazil, there is a great difference in the number 
of cases by Federal Units (online supplemental table 
6). Also, during the pandemic, some Brazilian states 
presented higher rates of deaths, for example, Espírito 
Santo (55.3%), Sergipe (52.0%), Rio de Janeiro (43.6%), 
Rondônia (43.3%) and Maranhão (42.9%). In contrast, 
the Federal District (24.2%) and other states presented 
lower rates, such as Mato Grosso (22.7%), Santa Catarina 
(27.6%), Amapá (29.5%) and São Paulo (29.7%). Finally, 
the description of vaccination status among hospitalised 
Brazilian patients due to COVID-19 according to noti-
fication date and the need for ICU treatment or ICU 
treatment plus invasive mechanical ventilation support 
is presented in online supplemental table 7 where it is 
possible to identify an increase in vaccination coverage 
against COVID-19 among the hospitalised individuals 
[24.2% (January 2021) to 85.5% (December 2022) in 2 
years]. An overview of the results is presented in online 
supplemental figure 1 (Graph Abstract).

DISCUSSION
The overall case fatality rate related to COVID-19 in 
hospitalised patients in Brazil was 33.2%. This was higher 
than rates in other countries, which were between 9 and 
17%.14 For patients who required treatment in an ICU, 
the observed case fatality rate was 55.9%. This rate is 
also above the world rate, which varies between 24 and 
51.0%.14 The case fatality rate for patients undergoing 
invasive mechanical ventilation in an ICU was 79.3% as 
the worldwide mortality estimated rate was 39 and 52%.15

Some factors that may explain the higher case fatality 
rate of these patients in Brazil are the lack of govern-
mental support measures in the fight against the 
COVID-19 pandemic, the lack of proper equipment to 
perform the invasive mechanical ventilation support 
and the shortage of beds in ICUs in the pandemic onset, 
which was associated with changes in health services in 
a disorganised manner so that there was an increase in 
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adapted ICUs.15–17 In addition to the burden imposed 
on Brazil’s public healthcare system, other factors may 
also have contributed to the alarming rates, such as social 
inequality, travel time and conditions to access health 
services with resources necessary for the management of 
critical patients, shortage of professional specialists and 
poor training of professionals, the unpreparedness of 
pre-pandemic healthcare providers and inappropriate 
use of drugs.1 3 18–23

Especially in the first 2 years of the pandemic, Brazil 
experienced a major health collapse in the public health-
care system.24–26 The emergency to deal with the pandemic 
involved analysing data relating to the rate of spread of 
the virus in the population and how to implement effec-
tive measures against the growth in the number of cases, 
diagnosis and management of patients, especially those 
with a critical phenotype.3 27 However, Brazil still needs to 
better understand the complexity and multidisciplinary 
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Figure 3  Clinical characteristics of the hospitalised patients with COVID-19 in Brazil. (a) Percentage (%) of deaths among 
hospitalised patients due to COVID-19 in Brazil according to the clinical characteristics. (b) Percentage (%) of deaths among 
hospitalised patients due to COVID-19 in Brazil who needed intensive care treatment according to the clinical characteristics. 
(c) Percentage (%) of deaths among hospitalised patients due to COVID-19 in Brazil who received invasive mechanical 
ventilation support according to the clinical characteristics. The individuals’ data were retrieved from the Brazilian Ministry 
of Health – Open-Data-SUS (https://opendatasus.saude.gov.br/) platform and corresponded to 3 years of the COVID-19 
pandemic (from 01 January 2020 to 06 April 2023). In March 2020, 11 cases from February 2020 were included; and in March 
2023, 13 cases from April 2023 were included. The complete information is presented in online supplemental tables 2–4. 
The patients who needed intensive care unit (ICU) admission were accounted for in the group of hospitalised patients due to 
COVID-19. The patients who needed ICU admission and received invasive mechanical ventilation were accounted for in the 
group of hospitalised patients due to COVID-19 as well as in the group of patients who needed ICU admission. The complete 
information about the study grouping can be assessed in figure 1.
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nature of the healthcare system in order to implement 
more effective treatments with fewer health inequalities 
for patients, especially in the context of pandemic situa-
tions.28 29

Regarding the association between the epidemiolog-
ical and clinical markers with the chance of death, our 
study follows the literature which pointed to higher risk 
factors for poor outcomes for the male sex,10 30 older 
age31 32 and race—mainly among Black people, Mixed 
individuals and Indigenous peoples compared with White 
people.7 12 21 In addition, the presence of comorbidities, 
including Down syndrome, diabetes mellitus, arterial 
hypertension, immunosuppressive disorder and obesity, 
has previously been found to be associated with death in 
patients infected by the SARS-CoV-2.31 33 34 In contrast, 
asthma was protective against poor outcomes related to 
COVID-19.11 35 36 The literature describes that asthma is 

not over-represented in hospitalised patients with severe 
pneumonia due to SARS-CoV-2 infection, and there was 
no increased risk of asthma exacerbations triggered by 
SARS-CoV-2.35 Also, asthma was not found to be a risk 
factor for COVID-19-related morbidity and mortality.36

The epidemiological analysis of deaths related to 
COVID-19 in Brazil requires a comprehensive approach, 
based on robust data and scientific studies. Studies such 
as that by Bastos et al (2020) and Lana et al (2021) high-
lighted the association between pre-existing comorbidi-
ties and an increased risk of mortality from COVID-19 
as demonstrated by us.37 38 Additionally, longitudinal 
investigations, such as those conducted by Raimundo et al 
(2021), highlighted significant regional disparities in the 
lethality of the disease, pointing out the importance of 
unequal access to health services and disparities in health 
infrastructure as crucial determinants of mortality.17 
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Figure 4  (a) Association between the clinical characteristics evaluated in the study with the chance of death among 
hospitalised patients due to COVID-19 in Brazil—among all admitted patients with COVID-19. (b) Association between the 
clinical characteristics with the chance of death among hospitalised patients due to COVID-19 in Brazil who needed intensive 
care treatment. (c) Association between the clinical characteristics and the chance of death among hospitalised patients due to 
COVID-19 in Brazil who received mechanical ventilation support in an intensive care unit (ICU). (d) Multivariable analysis for all 
admitted patients with COVID-19. The individuals’ data were retrieved from the Brazilian Ministry of Health – Open-Data-SUS 
(https://opendatasus.saude.gov.br/) platform and corresponded to 3 years of the COVID-19 pandemic (from 1 January 2020 to 
6 April 2023). In March 2020, 11 cases from February 2020 were included; and in March 2023, 13 cases from April 2023 were 
included. The statistical analysis was performed using the X2 test, and multivariable analysis was performed using the Binary 
Logistic Regression Model with the Backward Stepwise method. Markers with P values ≤0.05 in the bivariate analysis (from the 
X2 test) were included in the regression model. The response variable was the health outcome (hospital discharge or death). 
Data for comorbidities (any) or others and patient characteristics with P values >0.05 were not used. An alpha error of 0.05 was 
adopted in the study. The data are presented using a Log10 scale with the format Log. The complete information is presented in 
online supplemental table 2 to 5.
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These findings highlight the need for targeted public 
health policies and specific interventions to mitigate the 
adverse effects of the pandemic in the country.

In this context, in Brazil and around the world, 
concern must be maintained regarding investments 
in the health sector to promote better diagnosis and 
management of patients and, when possible, improving 
disease precautionary measures to avoid a health collapse 
like what occurred during the COVID-19 pandemic in 
Brazil.31 33 34 39

Despite the important contributions that our study 
presents to the scientific community and health manage-
ment, mainly in the public sector, the study had some 
limitations. The study used a public database that may 
have been susceptible to data-recording errors. Our 
data did not contain important variables such as genetic 
variants associated with a SARS-CoV-2 infection. The 
study only covers the period that includes the date of 
hospitalisation and the outcome (hospital discharge or 
discharge); thus, it is not possible to assess the presence 
of sequelae. There was a high degree of missingness in 
vaccination data, which made it infeasible to include this 
variable in our multivariable analyses. Comorbidities 
were assessed on admission, and their classification was 
carried out individually by different health professionals. 
In Brazil, a high rate of underreporting of COVID-19 
cases was described, which may reduce the generalis-
ability of our findings.40

CONCLUSION
Although the number of daily deaths from the corona-
virus dropped during the COVID-19 pandemic in Brazil, 
our retrospective analysis showed a higher case fatality 
rate in patients requiring ICU admission, mainly when 
using invasive ventilation, compared with the rest of the 
world.

Contributors  CVCP, TMC, FEV and FALM substantially contributed to the 
conception and design of the work; FALM substantially contributed to the 
acquisition, analysis or interpretation of data for the work; CVCP, TMC, FEV and 
FALM drafted the work or reviewed it critically for important intellectual content; 
CVCP, TMC, FEV and FALM approved the final version to be published; CVCP, TMC, 
FEV and FALM agreed to be accountable for all aspects of the work in ensuring 
that questions related to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. FALM accepts full responsibility for 
the finished work and/or the conduct of the study, had access to the data, and 
controlled the decision to publish. FALM is the scientific guarantor of the study's 
data and controlled the decision to publish.

Funding  FEV received a grant from the São Paulo Research Foundation (FAPESP; 
acronym for Fundação de Amparo à Pesquisa do Estado de São Paulo; no 
2021/08437-5).

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  The Ethics Committee of São Francisco University 
approved the research [Certificate of Presentation of Ethical Appreciation nº 
67241323.0.0000.5514; Study Approval Technical Opinion nº 5.908.611]. We 
obtained the waiver of the Informed Consent Term since only the data from the 
patient’s medical records were obtained without the individual description of the 
patient.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request. The 
full dataset can be freely downloaded at the following link https://opendatasus.​
saude.gov.br. The dataset comprised information about hospitalised patients with 
COVID-19 from Brazil. The data were recorded by the Brazilian Ministry of Health. 
The image used in online supplementary figure 1 is part of the Microsoft 365 
stock images. Microsoft 365 stock images are free to use for individuals with an 
approved license.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Fernando Augusto Lima Marson http://orcid.org/0000-0003-4955-4234

REFERENCES
	 1	 Martins JP, Siqueira BA, Sansone NMS, et al. COVID-19 in Brazil: a 

3-year update. Diagn Microbiol Infect Dis 2023;107:116074. 
	 2	 Oliveira WK de, Cavalcanti LP de G, Croda J. Coronavirus 

disease COVID-19 pandemic and the Declaration of Public Health 
Emergency in Brazil: administrative and epidemiological aspects. 
Rev Soc Bras Med Trop 2022;55:e02272022. 

	 3	 Boschiero MN, Palamim CVC, Ortega MM, et al. One Year of 
Coronavirus Disease 2019 (COVID-19) in Brazil: A Political and 
Social Overview. Ann Glob Health 2021;87:44. 

	 4	 Worldometer. COVID - coronavirus statistics. Available: https://www.​
worldometers.info/coronavirus/ [Accessed 16 Feb 2023].

	 5	 OPENDATASUS. Bem vindo. Available: https://opendatasus.saude.​
gov.br/ [Accessed 25 Apr 2024].

	 6	 Jovens - IBGE. Cor ou raça | Educa. n.d. Available: https://educa.​
ibge.gov.br/jovens/conheca-o-brasil/populacao/18319-cor-ou-raca.​
html

	 7	 Sansone NM, Boschiero MN, Valencise FE, et al. Characterization 
of demographic data, clinical signs, comorbidities, and outcomes 
according to the race in hospitalized individuals with COVID-19 in 
Brazil: An observational study. J Glob Health 2022;12:05027. 

	 8	 Dyussenbayev A. Age Periods Of Human Life. ASSRJ 2017;4. 
	 9	 Boschiero MN, Sansone NMS, Marson FAL. Hospitalized patients 

with X-linked disease and infected with SARS-CoV-2 in Brazil: A 
serial case report from the first two years of the pandemic. Respir 
Investig 2023;61:460–6. 

	10	 Sansone NMS, Pereira LR, Boschiero MN, et al. Characterization of 
Clinical Features of Hospitalized Patients Due to the SARS-CoV-2 
Infection in the Absence of Comorbidities Regarding the Sex: An 
Epidemiological Study of the First Year of the Pandemic in Brazil. Int 
J Environ Res Public Health 2022;19:8895. 

	11	 Sansone NMS, Valencise FE, Bredariol RF, et al. Profile of 
coronavirus disease enlightened asthma as a protective factor 
against death: An epidemiology study from Brazil during the 
pandemic. Front Med (Lausanne) 2022;9:953084. 

	12	 Sansone NMS, Boschiero MN, Marson FAL. Epidemiologic 
Profile of Severe Acute Respiratory Infection in Brazil During the 
COVID-19 Pandemic: An Epidemiological Study. Front Microbiol 
2022;13:911036. 

	13	 Marson FAL. COVID-19 - 6 million cases worldwide and an overview 
of the diagnosis in Brazil: a tragedy to be announced. Diagn 
Microbiol Infect Dis 2020;98:115113. 

	14	 Alimohamadi Y, Tola HH, Abbasi-Ghahramanloo A, et al. Case fatality 
rate of COVID-19: a systematic review and meta-analysis. J Prev 
Med Hyg 2021;62:E311–20. 

https://opendatasus.saude.gov.br
https://opendatasus.saude.gov.br
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4955-4234
http://dx.doi.org/10.1016/j.diagmicrobio.2023.116074
http://dx.doi.org/10.1590/0037-8682-0227-2022
http://dx.doi.org/10.5334/aogh.3182
https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/
https://opendatasus.saude.gov.br/
https://opendatasus.saude.gov.br/
https://educa.ibge.gov.br/jovens/conheca-o-brasil/populacao/18319-cor-ou-raca.html
https://educa.ibge.gov.br/jovens/conheca-o-brasil/populacao/18319-cor-ou-raca.html
https://educa.ibge.gov.br/jovens/conheca-o-brasil/populacao/18319-cor-ou-raca.html
http://dx.doi.org/10.7189/jogh.12.05027
http://dx.doi.org/10.14738/assrj.46.2924
http://dx.doi.org/10.1016/j.resinv.2023.04.001
http://dx.doi.org/10.1016/j.resinv.2023.04.001
http://dx.doi.org/10.3390/ijerph19158895
http://dx.doi.org/10.3390/ijerph19158895
http://dx.doi.org/10.3389/fmed.2022.953084
http://dx.doi.org/10.3389/fmicb.2022.911036
http://dx.doi.org/10.1016/j.diagmicrobio.2020.115113
http://dx.doi.org/10.1016/j.diagmicrobio.2020.115113
http://dx.doi.org/10.15167/2421-4248/jpmh2021.62.2.1627
http://dx.doi.org/10.15167/2421-4248/jpmh2021.62.2.1627


10 Palamim CVC, et al. BMJ Public Health 2025;3:e000724. doi:10.1136/bmjph-2023-000724

BMJ Public Health

	15	 Lim ZJ, Subramaniam A, Ponnapa Reddy M, et al. Case Fatality Rates 
for Patients with COVID-19 Requiring Invasive Mechanical Ventilation. 
A Meta-analysis. Am J Respir Crit Care Med 2021;203:54–66. 

	16	 Elsayed HH, Hassaballa AS, Ahmed TA, et al. Variation in outcome 
of invasive mechanical ventilation between different countries for 
patients with severe COVID-19: A systematic review and meta-
analysis. PLoS One 2021;16:e0252760. 

	17	 Raymundo CE, Oliveira MC, Eleuterio T de A, et al. Spatial analysis 
of COVID-19 incidence and the sociodemographic context in Brazil. 
PLoS One 2021;16:e0247794. 

	18	 Sousa Júnior WC de, Gonçalves DA, Cruz DB. COVID-19: 
Local/regional inequalities and impacts over critical healthcare 
infrastructure in Brazil. Ambient soc 2020;23:e0114. 

	19	 Baqui P, Bica I, Marra V, et al. Ethnic and regional variations in 
hospital mortality from COVID-19 in Brazil: a cross-sectional 
observational study. Lancet Glob Health 2020;8:e1018–26. 

	20	 Marson FAL, Ortega MM. COVID-19 in Brazil. Pulmonology 
2020;26:241–4. 

	21	 Sansone NMS, Boschiero MN, Ortega MM, et al. 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 
Pandemic. Lancet Reg Health Am 2022;8:100177. 

	22	 Mendes MF, Pereira LR, Lima TM, et al. COVID-19 pandemic 
evolution in the Brazilian Indigenous population. J Racial Ethn Health 
Disparities 2022;9:921–37. 

	23	 Efficacy of ivermectin, chloroquine/hydroxychloroquine, and 
azithromycin in managing covid-19: a systematic review of phase iii 
clinical trials. Available: https://www.mdpi.com/2227-9059/12/10/​
2206 [Accessed 08 Oct 2024].

	24	 Taylor L. Covid-19: Brazil’s hospitals close to collapse as cases 
reach record high. BMJ 2021;372:n800. 

	25	 Taylor L. Brazil fears covid collapse. New Sci 2021;250:7. 
	26	 de Oliveira Andrade R. Covid-19 is causing the collapse of Brazil’s 

national health service. BMJ 2020;370:m3032. 
	27	 Ong SWX, Tan YK, Chia PY, et al. Air, Surface Environmental, 

and Personal Protective Equipment Contamination by Severe 
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) From a 
Symptomatic Patient. JAMA 2020;323:1610–2. 

	28	 Garzón-Orjuela N, Samacá-Samacá DF, Luque Angulo SC, et al. An 
overview of reviews on strategies to reduce health inequalities. Int J 
Equity Health 2020;19:192. 

	29	 Bigoni A, Malik AM, Tasca R, et al. Brazil’s health system 
functionality amidst of the COVID-19 pandemic: An analysis of 
resilience. Lancet Reg Health Am 2022;10:100222. 

	30	 Alwani M, Yassin A, Al-Zoubi RM, et al. Sex-based differences in 
severity and mortality in COVID-19. Rev Med Virol 2021;31:e2223. 

	31	 Taylor EH, Marson EJ, Elhadi M, et al. Factors associated with 
mortality in patients with COVID-19 admitted to intensive care: a 
systematic review and meta-analysis. Anaesthesia 2021;76:1224–32. 

	32	 Wong MK, Brooks DJ, Ikejezie J, et al. COVID-19 Mortality 
and Progress Toward Vaccinating Older Adults - World Health 
Organization, Worldwide, 2020-2022. MMWR Morb Mortal Wkly Rep 
2023;72:113–8. 

	33	 Boschiero MN, Palamim CVC, Ortega MM, et al. Clinical 
characteristics and comorbidities of COVID-19 in unvaccinated 
patients with Down syndrome: first year report in Brazil. Hum Genet 
2022;141:1887–904. 

	34	 Ejaz H, Alsrhani A, Zafar A, et al. COVID-19 and comorbidities: 
Deleterious impact on infected patients. J Infect Public Health 
2020;13:1833–9. 

	35	 Adir Y, Saliba W, Beurnier A, et al. Asthma and COVID-19: an 
update. Eur Respir Rev 2021;30:210152. 

	36	 Bloom CI. Covid-19 pandemic and asthma: What did we learn? 
Respirology 2023;28:603–14. 

	37	 Bastos LS, Niquini RP, Lana RM, et al. COVID-19 and 
hospitalizations for SARI in Brazil: a comparison up to the 12th 
epidemiological week of 2020. Cad Saude Publica 2020;36. 

	38	 Lana RM, Coelho FC, Gomes M da C, et al. The novel coronavirus 
(SARS-CoV-2) emergency and the role of timely and effective 
national health surveillance. Cad Saude Publica 2020;36. 

	39	 Martins JP, Marson FAL. Forgetting what shouldn’t be forgotten: the 
new normal after the COVID-19 pandemic in Brazil. Front Psychol 
2024;15:1362183. 

	40	 Palamim CVC, Siqueira BA, Boschiero MN, et al. Increase in 
COVID-19 underreporting among 3,282,337 Brazilian hospitalized 
patients due to SARS: A 3-year report and a major concern for 
health authorities. Travel Med Infect Dis 2023;54:102616. 

http://dx.doi.org/10.1164/rccm.202006-2405OC
http://dx.doi.org/10.1371/journal.pone.0252760
http://dx.doi.org/10.1371/journal.pone.0247794
http://dx.doi.org/10.1590/1809-4422asoc20200114vu2020l3id
http://dx.doi.org/10.1016/S2214-109X(20)30285-0
http://dx.doi.org/10.1016/j.pulmoe.2020.04.008
http://dx.doi.org/10.1016/j.lana.2021.100177
http://dx.doi.org/10.1007/s40615-021-01031-6
http://dx.doi.org/10.1007/s40615-021-01031-6
https://www.mdpi.com/2227-9059/12/10/2206
https://www.mdpi.com/2227-9059/12/10/2206
http://dx.doi.org/10.1136/bmj.n800
http://dx.doi.org/10.1016/S0262-4079(21)00535-2
http://dx.doi.org/10.1136/bmj.m3032
http://dx.doi.org/10.1001/jama.2020.3227
http://dx.doi.org/10.1186/s12939-020-01299-w
http://dx.doi.org/10.1186/s12939-020-01299-w
http://dx.doi.org/10.1016/j.lana.2022.100222
http://dx.doi.org/10.1002/rmv.2223
http://dx.doi.org/10.1111/anae.15532
http://dx.doi.org/10.15585/mmwr.mm7205a1
http://dx.doi.org/10.1007/s00439-022-02468-3
http://dx.doi.org/10.1016/j.jiph.2020.07.014
http://dx.doi.org/10.1183/16000617.0152-2021
http://dx.doi.org/10.1111/resp.14515
http://dx.doi.org/10.1590/0102-311X00070120
http://dx.doi.org/10.1590/0102-311x00019620
http://dx.doi.org/10.3389/fpsyg.2024.1362183
http://dx.doi.org/10.1016/j.tmaid.2023.102616

	Evaluation of the case fatality rate in 2 031 309 ﻿﻿hospitalised﻿﻿ Brazilian patients due to COVID-­19: An observational study of the first 3 years of the pandemic in Brazil
	Abstract
	Introduction﻿﻿﻿﻿
	Methods
	Patient and public involvement

	Results
	Discussion
	Conclusion
	References


