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The coronavirus disease (COVID-19) pandemic has overwhelmed health care systems in many
countries and bed availability has become a concern. In this context, the present study aimed to
analyze the hospitalization and intensive care unit (ICU) times in patients diagnosed with COVID-19.
The study covered 55,563 ICU admissions and 238,075 hospitalizations in Brazilian Health System
units from February 22, 2020, to June 7, 2021. All the patients had a positive COVID-19 diagnosis. The
symptoms analyzed included: fever, dyspnea, low oxygen saturation (SpO2 <95%), cough, respiratory
distress, fatigue, sore throat, diarrhea, vomiting, loss of taste, loss of smell, and abdominal pain.

We performed Cox regression in two models (ICU and hospitalization times). Hazard ratios (HRs) and
survival curves were calculated by age group. The average stay was 14.4 days for hospitalized patients
and 12.4 days for ICU patients. For hospitalized cases, the highest hazard mean values, with a positive
correlation, were for symptoms of dyspnea (HR=1.249; 95% confidence interval [Cl], 1.225-1.273) and
low oxygen saturation (HR=1.157; 95% Cl 1.137-1.178). In the ICU, the highest hazard mean values
were for respiratory discomfort (HR=1.194; 95% Cl 1.161-1.227) and abdominal pain (HR =1.100; 95%
Cl 1.047-1.156). Survival decreased by an average of 2.27% per day for hospitalization and 3.27% per
day for ICU stay. Survival by age group curves indicated that younger patients were more resistant

to prolonged hospital stay than older patients. Hospitalization was also lower in younger patients.
The mortality rate was higher in males than females. Symptoms related to the respiratory tract were
associated with longer hospital stay. This is the first study carried out with a sample of 238,000 COVID-
19 positive participants, covering the main symptoms and evaluating the hospitalization and ICU
times.

On December 31, 2019, the World Health Organization (WHO) was informed of several cases of pneumonia of
unknown etiology, detected in several people in the city of Wuhan, China. In February 2020, the virus responsible
for this condition was identified and named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
which causes a disease known as coronavirus disease 2019 (COVID-19)'. On March 11, 2020, the WHO declared
a public health emergency of international interest due to the high transmissibility of the virus®.

The outbreak likely started from consumption of contaminated animals or human contact with the Wuhan
Seafood Market®. However, some researchers refute this theory because individuals from different continents
who were not involved in the above situations were also infected with the virus*. A very recent investigation
ordered by the US administration in May 2021, which could bring us closer to a definitive conclusion on the
origins of the virus that has killed more than 4 million people globally and wrecked national economies, has
reported inconclusive results on whether the virus jumped from animals to humans as part of a natural process
or might have accidentally escaped from a Wuhan laboratory in central China®>®. Despite these doubts about
the origin of the novel coronavirus, the most accepted explanation of transmissibility is that this virus spreads
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among humans through coughing, sneezing, and penetration of respiratory droplets or aerosols into the upper
respiratory tract*. There are several ways in which coronaviruses are transmitted. The best-known routes are the
direct route, that is, through direct contact with droplets and viral secretions, and the indirect route, from con-
tact with environments contaminated with dirty water effluents, such as feces and urine”®. As a few studies have
reported that the direct route is primarily infectious and dominant for the dissemination of COVID-1917, other
studies are currently investigating the indirect route as a source of aerosols associated with sewage or fomites.
When viral particles reach the oral or nasal cavity, they spread and develop “intestinal tropism” or “pulmonary
tropism,” the two preferential routes of this virus'.

The clinical manifestations of highly pathogenic human coronaviruses are not completely predictable as
they range from asymptomatic infection to severe conditions. The lack of a determined standardization of the
evolutionary or remissive symptoms of this disease has been one of the most intriguing issues associated with
the pandemic. Cytokine storms and viral evasion of cellular immune responses are thought to play important
roles in disease severity'!.

Although little is known about the pathogenesis of any of the human coronaviruses (229E, OC43, HKUI,
NL63, and SARS-CoV), there have been extensive studies on the pathogenesis of some animal coronaviruses,
which have contributed to the understanding of human viruses'>"? (6F; 6G). Currently, it is expected that SARS-
CoV-2 dysregulates the immune inflammatory response in a manner comparable to severe acute respiratory
syndrome coronavirus 1 (SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV). Severe
COVID-19 is characterized by organ dysfunction, hypercytokinemia, and lymphopenia. Immune dysfunction
in patients with COVID-19, including lymphopenia, reduced numbers of CD4* T cells, and abnormal cytokine
levels, is a common feature and may be a decisive factor associated with disease severity and worse outcomes!*!°.

However, some factors are associated with a higher hospitalization rate, such as increased C-reactive protein
level with high sensitivity, lymphocytopenia, and high myocardial rates'é. Viral and genetic factors (comorbidi-
ties) should also be considered in the evolution of COVID-19 prognosis, without discarding the possibility that
socioeconomic deprivation may be associated with worse outcomes'’. In Barcelona, Spain, an ecological study
found that the incidence of this disease is inversely proportional to the socioeconomic gradient!’.

By August 2021, more than 200 million cases of COVID-19 had been registered worldwide since the novel
coronavirus emerged in China in December 2019. However, the actual number is believed to be even higher
because a large number of less severe or asymptomatic cases tend to remain undetected, despite intensified test-
ing in many countries. Studies indicate that infected individuals can be asymptomatic or present with mild to
severe reactions, leading to inadvertent infections'®!.

Although this clinical spectrum is broad, the Brazilian Ministry of Health and international studies indicate
that the most common signs and symptoms are fever (temperature >37.8 °C), cough, respiratory distress, myalgia,
and fatigue?®?!. A study in China found that the triad of fever, cough, and dyspnea was present in 15% of those
affected”. Symptoms such as hyposmia, anosmia, and ageusia should also be considered®. According to the
WHO, 80% of people with COVID-19 have mild symptoms, 15% are hospitalized due to oxygen therapy, and
5% need interventions and monitoring in intensive care units (ICUs)?. The heterogeneity of this pandemic has
led to inequality in the allocation of resources for the affected age groups®*. The impact of the pandemic may be
more significant in the elderly because of their health vulnerabilities®.

It is noteworthy that some symptoms are associated with a more favorable prognosis®, as is the case for most
individuals with fever, cough, myalgia, or fatigue?”. However, individuals who develop dyspnea and hypoxemia
have a more reserved prognosis and are more likely to be hospitalized and admitted to the ICU?. Regarding
the time from symptom onset to clinical outcome, there is evidence that the time between symptom onset and
hospital admission varies from 6 to 14 days, symptom onset to ICU admission varies from 8 to 15 days, symptom
onset to death varies from 11 to 18 days, and symptom onset to hospital discharge can take up to 22 days?>%.

Hospital stay may vary under different health services due to individual peculiarities and recognizing the
symptoms, or a set of symptoms, that exist in the affected population, allowing us to fill in existing gaps about
COVID-19. Identifying the estimated length of stay, groups of symptoms expected from each age group, number
of days elapsed from the onset of symptoms to hospitalization, and outcomes allows for directing management
strategies for the care of the population. Furthermore, the hospitalization period can be modified in the context
of intervention management, because the effectiveness of hospital care can influence mortality.

The impact of COVID-19 has created specific challenges for health systems of countries. Worldwide, the
increase in hospital demands has been clearly seen with high hospitalizations, increased ICU bed requirements,
increased use of more complex equipment and techniques such as mechanical ventilation, and a greater demand
for intensive monitoring and care from qualified professionals®.

The Brazilian Unified Health System (SUS) must guarantee, through constitutional legislation, full and unre-
stricted medical access for the entire population of the country, with universality and equity being two of the
guiding principles of individual care. Although a resurgence in the number of admissions has been observed, data
on risk factors and mortality rates in hospitalized patients are scarce’. Regarding mortality data in the Brazilian
SUS, a health care system with strained and tense medical staff, regional differences in access to resources, and
overburdened hospital systems has created an unfavorable condition that has been further aggravated by recent
economic and political crises. This has strengthened structural problems in the public health system and con-
tributed to significantly more in-hospital deaths. Furthermore, even the perception of a strained health system
can lead to excess mortality from COVID-19 and other conditions because individuals may avoid seeking care
until their clinical condition has deteriorated or they may not even seek medical care and die at home.

The COVID-19 pathogenesis is still not completely defined and the intense pressure imposed on hospitals
has led to care limitations for the most fragile patients. The present study uses data from a database available
from the Brazilian Ministry of Health, updated by national coverage data, which allows us to perform compre-
hensive epidemiological analyses. Our study is the first to incorporate data on all COVID-19 hospitalizations
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in the Brazilian SUS. We covered the parameters of age group (eight groups covering age subgroups from 0
to > 85 years), main symptoms, and hospitalization or ICU time. Therefore, this study aimed to analyze the rela-
tionship between hospitalization or ICU time and COVID-19 deaths in Brazil. This was a retrospective study
based on the secondary database available from the Brazilian Ministry of Health between February 22, 2020,
and June 7, 2021. The database covers national centers and multicenter records that link with the Brazilian SUS.

Methods

Ethical approval. Our study used information from a public database made available by the Brazilian gov-
ernment through the DATASUS platform. All data in this database were processed by the Brazilian government,
removing all identifiers.

The research was not sent to the Research Ethics Committee as it was covered by Article 1, Sole Paragraph,
subparagraph IT and III of RESOLUTION No. 510 of APRIL 7, 2016, of the Brazilian National Health Council:
"Sole paragraph: They will not be registered or evaluated by the research ethics committee system: II—research
using publicly accessible information, according to Law No. 12,527 of November 18, 2011; III—research using
public domain information. The resolution is available at http://conselho.saude.gov.br/resolucoes/2016/Reso5
10.pdf. All methods were performed in accordance with the relevant guidelines and regulations.

Study design, setting, data sources, and participants. We performed a cohort, retrospective,
national, multicenter, analytical study with secondary data from the Brazilian Database of Severe Acute Respira-
tory Syndrome (SARS), which includes cases of COVID-19*? acquired through the Ministry of Health website.
The information contained in this database is updated daily. The study was conducted in accordance with the
Strengthening the Reporting of Observational Studies in Epidemiology guidelines.

In this study, the COVID-19 database notifications from February 22, 2020, until June 7, 2021, were used. The
database comprises 639,405 patients placed in 6,124 sentinel units (SUs) of Brazil, distributed throughout 2,715
Brazilian cities. The SUs are physical units and working groups created to evaluate and conduct epidemiological
assessments>>. Patients admitted to care units for the treatment of COVID-19, with a final diagnosis of COVID-
19 confirmed through laboratory, epidemiological, and imaging tests, were included.

Variables. The following 12 symptoms were the independent variables: fever, dyspnea, low oxygen satu-
ration (SpO,<95%), cough, respiratory distress, fatigue, sore throat, diarrhea, vomiting, loss of taste, loss of
smell, and abdominal pain. A categorical variable of eight age groups was also added, following the pattern
adopted by the Centers for Disease Control and Prevention®*: 0-17, 18-29, 30-39, 40-49, 50-64, 65-74, 75-84,
and > 85 years. This variable was calculated based on a patient’s age at admission.

Study size and missing data. We used predictors for two outcomes: hospitalization and ICU time (days).
The database contained 639,405 records. Hospitalization time was calculated as the difference between the hos-
pitalization and discharge dates. For this model, the sample size was 238,075 records, 401,330 records were
excluded because of missing data points. This missing data included a lack of filled-in data, such as the patient’s
admission or discharge dates.

ICU time is the interval between ICU entrance and discharge. The sample size was 55,562 records, with
583,842 records excluded because of missing data and a lack of ICU admission.

Statistical analysis methods. We analyzed hospitalization and ICU time in days. Thus, we performed
two models, the first with hospitalization time and the second with ICU time.

We report continuous variables with means and standard deviations. We calculated the proportions of
dichotomous variables. Thereafter, Cox regression was calculated (hospitalization and ICU time), using the
enter method and IBM SPSS Statistics 23 (https://www.ibm.com/support/pages/downloading-ibm-spss-stati
stics-23). The observed event was death during hospitalization or ICU stay. All variables with P>0.05 were
excluded from the analysis. We calculated hazard and survival functions for each age group. The mean coef-
ficients of the equation, survival, and hazard for each independent variable were analyzed. We also calculated
the cumulatedhazard. It indicates how the death risk increases or decreases depending on hospitalization or
ICU time. In this way, we measure how high or low the death risk is while the patient remains hospitalized. The
cumulated hazard demonstrates that more days hospitalized can represent an increased or reduced risk of death.
The study design is shown in Fig. 1.

Results

Table 1 shows the data summary of patients, recoveries, and deaths. This retrospective analytical cohort study
identified factors and mortality risks that interfere with the length of hospital and ICU stay in individuals with
COVID-19. Of the 238,075 hospitalized patients, 161,150 (68%) recovered, while 76,925 (32%) died.

The mean hospitalization time among those who recovered was 10.79 + 15.28 days, while that of those who
died was 14.47 £15.18 days. Men constituted the majority of hospitalized patients with 132,639 (56%) cases,
while 105,396 (44%) patients were women. The proportion of deaths was higher in men (33%) than women
(30%). The average hospitalization days was 11.66 +15.19 days for women and 9.70+7.06 days for men. The
hospitalization time in elderly patients was longer than that in young people. The average number of days for
hospitalization/ ICU admission, by age group, were: 0-17 (9.15+16.00 days), 18-29 (9.23 + 14.74 days), 30-39
(9.42 % 14.02 days), 40-49 (10.48 + 15.42 days), 50-64 (12.06 + 14.77 days), 65-74 (13.69 + 16.31 days), 75-84
(13.20+15.94 days), and > 85 (11.61 + 13.93 days).
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Cohort, retrospective, national, multicenter, analytical study
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Figure 1. Study design.

Patients | Recoveries | Deaths
ICU 55,563 23,907 31,656
Hospitalization 238,075 161,150 76,925

Table 1. Data summary.

A total of 55,563 cases of ICU admission were analyzed; 23,907 (43%) patients recovered and 31,656 (57%)
patients died. Patients who recovered remained in the ICU for 10.69 + 12.36 days, while those who died remained
for 12.84+13.37 days. As for demographic parameters, most of those admitted to the ICUs were men, with 32,277
(58.7%) male cases and 23,286 (41.9%) female cases. Deaths were also higher in men than women. Women
(11.62£12.89) stayed in ICUs for less time than men (12.13+ 13.06). The average ICU times in days by age group
were: 0-17 (9.52+ 14.78 days), 18-29 (9.38 +12.33 days), 30-39 (10.11+ 11 0.42 days), 40-49 (11.19+12.61 days),
50-64 (12.69 +13.31 days), 65-74 (13.33 £ 13.98 days), 75-84 (11.50 + 12.48 days), and > 85 (9.37 +10.59 days).

We found that 92.3% of patients had up to seven symptoms during hospitalization and the mean number of
symptoms was 4.58 +1.96. The symptoms, ordered in decreasing order of frequency, were cough (70.4%), dyspnea
(73%), SpO2 < 95% (64%), respiratory discomfort (61.6%), fever (59.2%), fatigue (25.1%), sore throat (18.1%),
diarrhea (15.3%), loss of taste (12.1%), loss of smell (12%), vomiting (8.8%), and abdominal pain (6.6%). In the
ICU, 92% of patients had up to seven symptoms and the mean number of symptoms was 4.73 +1.95. The most
frequent symptoms were dyspnea (81%), SpO2 <95% (74.4%), respiratory discomfort (68.4%), cough (68.1%),
fever (58.4%), fatigue (25%), sore throat (15.8%), diarrhea (13.7%), loss of smell (10%), loss of taste (9.9%),
vomiting (7.8%), and abdominal pain (5.9%).
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Symptom B Wald Sig HR
Fever -0.041 28847 |0 0.960
Cough -0.128 257.770 |0 0.880
Sore throat —-0.002 0.024 |0.877 |0.998
Dyspnea 0.222 510.727 |0 1.249
Respiratory distress | 0.241 760.607 |0 1.273
Sp0O2<95% 0.146 259.635 |0 1.157
Diarrhea -0.100 76.032 |0 0.905
Vomiting 0.012 0.717 10.397 | 1.012
Fatigue —0.068 58234 |0 0.934
Abdominal pain 0.054 11.136 | 0.001 | 1.055
Loss of smell -0.024 1.541 | 0.215 |0.977
Loss of taste —-0.098 26.567 | 0.000 | 0.907
Age 11,613.647 | 0

Age (1) -1.902 945448 | 0 0.149
Age (2) -1.513 | 1590.265 |0 0.220
Age (3) —-1.453 | 3738530 |0 0.234
Age (4) -1.233 | 5036218 |0 0.291
Age (5) -0.914 | 5748528 |0 0.401
Age (6) —-0.587 2558.663 0 0.556
Age (7) -0.315 720393 |0 0.730

Table 2. Cox regression analysis (hospitalization time).
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Figure 2. Cumulative survival (left panel) and cumulative hazard (right panel)” during Hospitalization time.

Hospitalization time.

The hospitalization time covered 238,075 records, which included 161,150 censored,

and 76,925 valid events. The cases by age group included the following: 0-17 (4,181 cases), 18-29 (7,793 cases),
30-39 (19,947 cases), 40-49 (30,999 cases), 50-64 (68,358 cases), 65-74 (50,731 cases), 75-84 (37,206 cases),
and>85 (18,860 cases). Sore throat, vomiting, and loss of smell were not statistically significant. The variables
that positively correlated with hospitalization time were dyspnea (hazard ratio [HR] =1.249; 95% confidence
interval [CI], 1.225-1.273), SpO2<95% (HR=1.157; 95% CI 1.137-1.178), vomiting (HR=1.012; 95% CI
0.984-1.041), and abdominal pain (HR =1.055; 95% CI 1.023-1.089). Fever, cough, diarrhea, fatigue, and loss of
taste were negatively correlated. The Cox regression analysis is shown in Table 2.

The hospitalization time showed a symmetrical pattern by age group, demonstrating that younger people,
compared to the elderly, have a lower average risk of mortality due to the length of hospital stay. The hazard and
survival cumulative functions are shown in Fig. 2.

The average survival by age group was as follows: 0-17 (0.94+0.09 days), 18-29 (0.92+0.11 days),
30-39 (0.91+0.11 days), 40-49 (0.87 +0.14 days), 50-64 (0.80+0.19 days), 65-74 (0.72+0.23 days), 75-84
(0.67 £0.25 days), and 285 (0.63 £ 0.26 days).

Over 22 days, the survival probability of hospitalized patients dropped by an average of 2.27% per day.
After this period, patients had less than 50% survival and the cumulatedhazard was 8.11. For older adults, the
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Survival by age group Cumulative hazard by age group

Day 1 2 3 4 5 6 7 8 All 1 2 3 4 5 6 7 8 All

0 1.00 0.99 0.99 0.99 0.99 0.99 0.98 0.97 0.99 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.01
1 0.99 0.99 0.99 0.98 0.98 0.97 0.96 0.94 0.97 0.01 0.02 0.02 0.02 0.03 0.05 0.07 0.09 0.04
2 0.99 0.98 0.98 0.98 0.97 0.95 0.93 091 0.96 0.02 0.03 0.04 0.05 0.07 0.10 0.13 0.19 0.09
3 0.98 0.98 0.97 0.97 0.95 0.93 0.91 0.88 0.95 0.04 0.06 0.07 0.08 0.12 0.17 0.23 0.32 0.14
4 0.98 0.97 0.96 0.96 0.94 0.91 0.89 0.84 0.93 0.06 0.09 0.10 0.13 0.18 0.26 0.35 0.49 0.22
5 0.97 0.96 0.96 0.94 0.92 0.89 0.86 0.81 0.91 0.09 0.14 0.15 0.19 0.26 0.37 0.50 0.70 0.31
6 0.97 0.95 0.95 0.93 0.91 0.87 0.83 0.77 0.89 0.12 0.19 0.20 0.26 0.36 0.51 0.69 0.96 0.43
7 0.96 0.94 0.94 0.92 0.89 0.85 0.80 0.74 0.87 0.17 0.25 0.27 0.34 0.48 0.68 0.91 1.27 0.57
8 0.95 0.93 0.92 0.90 0.87 0.82 0.77 0.69 0.84 0.21 0.32 0.35 0.44 0.62 0.88 1.17 1.64 0.74
9 0.94 0.92 0.91 0.89 0.85 0.80 0.74 0.66 0.82 0.27 0.41 0.44 0.56 0.78 1.11 1.48 2.06 0.95
10 0.94 0.91 0.90 0.87 0.83 0.77 0.70 0.62 0.79 0.34 0.51 0.55 0.69 0.97 1.37 1.84 2.55 1.20
11 0.93 0.89 0.89 0.86 0.81 0.74 0.67 0.57 0.76 0.41 0.62 0.67 0.85 1.19 1.68 2.24 3.11 1.48
12 0.92 0.88 0.87 0.84 0.79 0.71 0.64 0.54 0.73 0.50 0.74 0.81 1.03 143 2.02 2.69 3.74 1.80
13 0.91 0.87 0.86 0.83 0.76 0.68 0.60 0.51 0.70 0.59 0.88 0.96 1.22 1.71 241 3.21 4.43 2.17
14 0.90 0.85 0.84 0.81 0.74 0.66 0.57 0.47 0.68 0.70 1.05 1.13 1.43 2.01 2.83 3.77 5.20 2.57
15 0.89 0.85 0.83 0.79 0.72 0.63 0.55 0.43 0.65 0.82 1.21 1.32 1.67 2.34 3.30 4.38 6.05 3.02
16 0.88 0.83 0.82 0.77 0.70 0.60 0.51 0.41 0.63 0.95 1.40 1.52 1.93 2.70 3.80 5.05 6.96 3.51
17 0.87 0.82 0.80 0.75 0.68 0.58 0.49 0.38 0.60 1.08 1.60 1.75 2.22 3.10 4.36 5.78 7.94 4.05
18 0.87 0.80 0.78 0.74 0.66 0.55 0.46 0.35 0.58 1.22 1.83 1.99 2.52 3.52 4.96 6.57 9.01 4.62
19 0.85 0.79 0.77 0.72 0.63 0.53 0.43 0.32 0.56 1.39 2.06 2.25 2.84 3.98 5.61 7.42 10.17 5.24
20 0.82 0.78 0.76 0.71 0.62 0.51 0.41 0.31 0.54 1.59 231 2.53 3.19 4.47 6.29 8.34 11.38 5.90
21 0.83 0.76 0.75 0.69 0.60 0.49 0.39 0.29 0.53 1.78 2.59 2.83 3.56 4.99 7.02 9.30 12.67 6.59
22 0.81 0.75 0.73 0.68 0.58 0.47 0.37 0.26 0.50 1.99 2.88 3.14 3.95 5.54 7.79 10.31 14.07 7.34
23 0.81 0.74 0.72 0.67 0.56 0.45 0.35 0.24 0.49 2.19 3.17 3.47 4.35 6.12 8.60 11.38 15.54 8.11

Table 3. Hospitalization survival and hazard by age group. Note: 1: 0-17, 2: 18-29, 3: 30-39, 4: 40-49, 5:
50-64, 6: 65-74, 7: 75-84, and 8: > 85 years.

probability of survival reached 50% after the thirteenth day. On the twenty-third day, patients aged > 85 years had
a survival rate of 24%. The survival and cumulative hazard by age group and day are shown in Table 3.

ICU time. The ICU survival model included 55,563 admissions records of which, 23,907 were censored and
31,656 were valid. The number of cases by age group were as follows: 0-17 (594 cases), 18-29 (1,163 cases),
30-39 (3,352 cases), 40-49 (5,810 cases), 50-64 (15,464 cases), 65-74 (13,778 cases), 75-84 (10,540 cases),
and > 85 (4,862 cases). Of the 12 variables related to symptoms, SpO2 <95%, loss of smell, and loss of taste were
excluded for presenting p-values > 5%.

Respiratory distress showed a positive correlation in the ICU and the presence of this symptom had an HR of
1.194 (95% CI 1.161-1.227). Abdominal pain (HR=1.100; 95% CI 1.047-1.156), dyspnea (HR =1.094; 95% CI
1.059-1.130), and vomiting (HR =1.050; 95% CI 1.005-1.097) were also positively correlated. Due to negative
correlations, fever, cough, respiratory distress, diarrhea, and fatigue are related to protective factors. The Cox
regression analysis is shown in Table 4.

Survival curves showed distinct patterns between age groups. In the ICU, the probability of death depends
on the patient’s age. Younger patients were more resistant to prolonged hospital stays than elderly patients.
Despite this, the 30-39 years age group had better hazard and survival curves than the 18-29 years age group.
The cumulative hazard and survival curves are shown in Fig. 3.

The average survival by age group was as follows: 0-17 (0.87+0.14 days), 18-29 (0.85+0.16 days),
30-39 (0.80+0.18 days), 40-49 (0.74+0.21 days), 50-64 (0.66 = 0.24 days), 65-74 (0.59+0.26 days), 75-84
(0.58 +£0.27 days), and = 85 (0.58 £ 0.27 days).

The daily mean survival probability decreased by 3.27% per day during the first 15 days. Patients who stayed
for more than 14 days in the ICU had less than 50% probability of survival. Survival declined more sharply
depending on age group. On the tenth day, patients aged > 85 years had a 50% chance of survival. The survival
and cumulative hazard by age group and day are shown in Table 5.

Discussion

COVID-19 infects individuals from all age groups. The transmission and its consequences may vary according
to individual biological factors, environmental and socioeconomic characteristics, public policies developed,
and the health system’s capacity®®. Several studies have described factors contributing to transmission, clinical
presentation, mortality, possible treatments, and short-term results®®. Some signs and symptoms can be inter-
preted as risk factors, indicating the need for hospitalization or transfer to the ICU.
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Symptom B Wald Sig HR
Fever -0.067 32,119 |0 0.935
Cough —-0.067 28.694 |0 0.935
Sore throat 0.034 4.426 |0.035 |1.035
Dyspnea 0.09 29.873 |0 1.094
Respiratory distress 0.177 157.838 |0 1.194
Sp02<95% -0.015 0.965 |0.326 |0.985
Diarrhea -0.049 7.625 | 0.006 |0.953
Vomiting 0.049 4.721 ]0.03 1.05
Fatigue —-0.053 15235 |0 0.948
Abdominal pain 0.095 14.262 |0 1.1
Loss of smell -0.017 0.361 | 0.548 |0.983
Loss of taste —-0.005 0.025 | 0.875 |0.995
Age 2832.895 |0
Age (1) -1.538 229.819 0.215
Age (2) -1.019 310.773 |0 0.361
Age (3) -1.072 | 874297 |o 0.342
Age (4) -0.97 | 1242017 |0 0.379
Age (5) -0.772 |1489.314 |0 0.462
Age (6) —0542 | 776.956 |0 0.582
Age (7) -027 | 185597 |0 0.764
Table 4. Cox Regression Analysis (ICU).
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Figure 3. Cumulative survival (left panel) and cumulative hazard (right panel)” during ICU Time.

Many COVID-19 symptoms are similar to those of seasonal influenza. However, Piroth et al.*® reported some
prominent differences, namely, a higher rate and length of hospitalization, gender and age groups most affected,
need for invasive mechanical ventilation, length of stay in the ICU, and mortality rate.

In the first reports of COVID-19, age group was an identified risk factor. Older people were more affected,
had more extended hospital stays, greater clinical severity, and high mortality’®*. Our results also indicated that
older age groups were associated with extended hospital and ICU times. This may be related to the vulnerability
of this population®, which includes immunosenescence and changes in the respiratory system, such as decreased
respiratory capacity and production of surfactants®. Our results also converge with some studies**”** by show-
ing that the population most affected by COVID-19 is between 50 and 64 years of age. Recently, a worldwide
survey identified that approximately 72% of confirmed cases of SARS-CoV-2 infection were aged > 40 years*'.
In addition to age, comorbidities are another factor associated with hospitalization and ICU time, such as car-
diovascular diseases, hypertension, diabetes, chronic respiratory diseases*?, and smoking status*’. We did not
include comorbidities in our study, but it is noteworthy that after age 50, 67.8% of people have multimorbidity*.
During the initial epidemic in Hubei, Gao* reported that 58% of patients admitted to the ICU had at least one
comorbidity, which increased the probability of progression to severe forms of the disease.
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Survival by age group Cumulative hazard by age group

Day 1 2 3 4 5 6 7 8 All 1 2 3 4 5 6 7 8 All

0 0.99 0.99 0.99 0.98 0.98 0.97 0.97 0.96 0.97 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.03
1 0.98 0.97 0.97 0.96 0.95 0.94 0.92 0.90 0.94 0.03 0.04 0.05 0.06 0.07 0.09 0.12 0.15 0.09
2 0.97 0.96 0.95 0.94 0.92 0.90 0.88 0.85 0.91 0.06 0.08 0.10 0.12 0.15 0.19 0.25 0.31 0.19
3 0.96 0.95 0.93 0.92 0.89 0.87 0.84 0.80 0.88 0.11 0.13 0.17 0.21 0.27 0.34 0.43 0.53 0.32
4 0.94 0.93 0.91 0.89 0.86 0.83 0.80 0.75 0.84 0.17 0.21 0.26 0.33 0.41 0.52 0.65 0.83 0.49
5 0.93 0.91 0.89 0.87 0.83 0.80 0.75 0.70 0.81 0.24 0.30 0.37 0.47 0.59 0.75 0.94 1.19 0.71
6 0.92 0.90 0.87 0.84 0.80 0.76 0.71 0.65 0.78 0.33 0.41 0.51 0.64 0.81 1.02 1.29 1.63 0.97
7 0.90 0.88 0.85 0.82 0.77 0.72 0.66 0.60 0.74 0.43 0.54 0.67 0.84 1.07 135 1.70 2.14 1.28
8 0.89 0.86 0.83 0.79 0.74 0.68 0.62 0.55 0.70 0.55 0.69 0.86 1.08 1.37 1.73 2.18 2.74 1.64
9 0.86 0.84 0.80 0.76 0.71 0.65 0.58 0.51 0.66 0.70 0.86 1.08 1.35 1.71 2.17 2.73 3.42 2.06
10 0.86 0.82 0.78 0.73 0.68 0.61 0.54 0.47 0.63 0.85 1.07 1.32 1.66 2.10 2.66 3.34 4.18 2.54
11 0.84 0.80 0.76 0.71 0.65 0.58 0.50 0.42 0.60 1.03 1.29 1.59 2.01 2.53 3.21 4.02 5.06 3.06
12 0.82 0.78 0.74 0.68 0.62 0.55 0.47 0.39 0.57 1.23 1.53 1.90 2.39 3.01 3.81 4.79 6.02 3.65
13 0.80 0.76 0.71 0.66 0.59 0.52 0.43 0.35 0.54 1.45 1.80 2.23 2.80 3.54 4.48 5.62 7.07 4.29
14 0.79 0.75 0.69 0.63 0.56 0.48 0.40 0.32 0.50 1.69 2.09 2.60 3.27 4.12 522 6.54 8.23 5.00
15 0.77 0.72 0.67 0.60 0.53 0.45 0.37 0.29 0.48 1.95 2.42 3.00 3.78 4.76 6.01 7.55 9.48 5.77

Table 5. ICU survival and hazard by age group. Note: 1: 0-17, 2: 18-29, 3: 30-39, 4: 40-49, 5: 50-64, 6: 65-74,
7:75-84, and 8:>85 years.

In addition to high age group, many studies identified that affected individuals were predominantly male*
and that the mortality rate was also higher in this population. Research has identified that males were affected
most in the SARS and MERS epidemics*”*%. Thus, the results presented in this study converge with these find-
ings, considering the predominance of males in hospitalization and ICU admission and mortality. It has been
reported that differences in the levels and types of male and female sex hormones influence the susceptibility
to infection by COVID-19 because sex hormones modulate adaptive and innate immune responses*. Thus, the
reduced susceptibility of females to viral infections can be attributed to the protection from the X chromosome
and sex hormones®, especially estrogen*.

In terms of identifying percentage changes in mortality rate due to specific comorbidities, Wu and
McGoogan®' identified a 10.5% increased mortality rate in individuals with cardiovascular diseases, 7.3% for
those with diabetes, 6.3% for those with chronic respiratory diseases, and 6% for those with hypertension. In
concordance with the information prior, we identified that respiratory symptoms, such as respiratory discomfort,
dyspnea, and SpO2 < 95%, correlated positively with length of stay, abdominal pain, and vomiting.

In Lombardy (Italy), the epicenter of the first outbreak of COVID-19 in a Western country, respiratory syn-
drome was present in 40% to 96% of ICU patients®!. However, a study®* highlighted that the most common and
persistent symptoms in cases of long-term COVID-19 in patients aged 5 to 17 years were fatigue, headache, and
loss of smell. Our study identified cough, fever, and respiratory discomfort/decompensation as the most common
symptoms in cases of both hospitalization and ICU admission.

Concerning ICU time and survival, Blake et al.** found that the mean time interval from the first report of
symptom onset to admission to the ICU was 10 days and, with respiratory decompensation, invasive mechanical
ventilation was required in almost 75% of cases, resulting in intubation in 76% of these individuals after the first
24 h after admission to the ICU. Research in China identified that 39% of patients hospitalized for 28 days died
and 97% of individuals who needed mechanical ventilation had the same outcome?’.

Our study identified that survivors spent 10 days hospitalized, while death occurred 14 days after admission.
In addition, we found that patient survival decreased by 2.27% per day of hospitalization. The larger chance of
death during hospitalizations occurred after 10-14 days in the ICU. The most significant resistance to death was
observed in younger patients. Our results agree with the findings in the literature that indicates that survival for
older adults reaches 50% after the thirteenth day of hospitalization.

Some researchers have suggested that COVID-19 inhibits the body’s cellular immune function, causing dam-
age to T lymphocytes®*>. Thus, the low absolute value of lymphocytes could be used as an evaluative index or a
reference score in the diagnosis of new COVID-19 infections in clinic settings.

However, the hospitalization of patients, especially older adults, or people with comorbidities, who contract
COVID-19 is one of the signs of disease severity as approximately 7.2% of hospitalized patients die. Similarly,
the need to be admitted to the ICU has become a highly relevant means of assessing the impact of COVID-19
on public health worldwide.

The average length of hospitalization and ICU stay may have been influenced by the readiness of the public
health service in Brazil. At the beginning of the pandemic period, especially during the first wave, there was
reduced availability of beds and tests for the Brazilian population, which may have contributed to the delay in
the treatment of patients and compromised the health system’s effectiveness.
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Conclusions

The heterogeneity of both the combination and severity of COVID-19 symptoms varies individually, hindering
diagnosis and efficient clinical management. Identifying symptomatological patterns and clinical outcomes can
guide more consistent approaches for reducing death and sequelae. The study presented a pattern between patient
age, symptom groups, and hospital stay.

The results showed that symptoms associated with the respiratory system, namely dyspnea and SpO2 < 95%,
were positively associated with a more extended total hospital stay. There was a positive correlation between
respiratory discomfort and abdominal pain with respect to a patient’s time in the ICU. We emphasize that a
patient’s probability of survival decreases significantly with each day of hospitalization, with a high chance
of death when patients spend more than 14 days in the ICU or 20 days in the hospital, with younger patients
showing better resistance. These data bring together potential warning symptoms for developing severe or criti-
cal conditions due to COVID-19 infection during the pandemic. Signs or symptoms suggestive of respiratory
distress are associated with more severe disease progression and a worse prognosis. These conditions become
latent if associated with age. Another relevant clinical scenario is the association between respiratory and diges-
tive symptoms, especially abdominal pain. Intestinal involvement has been identified in autopsies and biopsies of
patients with COVID-19 and some clinical reports have described abdominal discomfort as a primary symptom.
These data can serve as a warning for the Delta and Omicron variants of COVID-19. That is, patients with diges-
tive symptoms, even without respiratory symptoms, should receive greater attention, especially if they report a
history of epidemiological exposure.

Information was collected from a database provided by the Ministry of Health, Brazil. Since February 2020,
the health crisis caused by the pandemic has highlighted the problems arising from investment in public health,
which has undergone successive cuts in recent years. The different clinical manifestations and outcomes empha-
size the importance of adhering to hygienic and preventive principles and highlight the importance of finding
and developing new diagnostic approaches and therapeutic options sensitive to the action of SARS-CoV-2. In
the current context of a global pandemic and public health emergency caused by COVID-19, knowledge of the
protective and risk factors for developing COVID-19 infection or developing severe forms of the disease are
essential for the proper management of patients in the early stages of the disease.

This study had limitations; the set of variables used did not encompass all variables associated with hospi-
talization and ICU time. Furthermore, the high proportion of missing data (63%) was a limitation of the routine
national surveillance system. In addition, the research reflects the behavior of a specific country in COVID-19
treatment, with no statistical analysis performed to show a causal relationship between the variables of interest.

Future research must be conducted to broaden the discussion on the relationship between COVID-19 param-
eters and variables, such as prior comorbidities and sociodemographic characteristics of the population, to
evaluate their impact on the patients’ time in hospital. Moreover, researchers must discuss the formation of
public policies that prioritize democratic and equal access to health care systems, especially in countries like
Brazil that have been through substantial economic and political instability, which have been worsened by the
present health crisis. Health equity remains a significant challenge for policymakers and academics in this area.
A recent challenge is to reduce mortality arising from new COVID-19 variants that continue to emerge across the
globe, making it necessary for surveillance to identify them and studies to determine their transmissibility and
severity. Finally, it is necessary to adopt public policies aimed at flattening the COVID-19 curve, which requires
a combination of strategies to slow the spread of COVID-19 and spread out the epidemic’s peak, preventing
hospitals from reaching capacity and mortality.

Availability of supporting data

The datasets used and analyzed during the current study are available from the corresponding author on reason-
able request. The datasets generated and/or analyzed during the current study are available in the Open Datasus
website repository, [https://opendatasus.saude.gov.br/organization/ministerio-da-saude].

Received: 24 September 2021; Accepted: 14 February 2022
Published online: 07 March 2022

References

1. Ferrando, C. E. A. Patient characteristics, clinical course and factors associated to ICU mortality in critically ill patients infected
with SARS-CoV-2 in Spain: A prospective, cohort, multicentre study.. Rev. Esp. Anestesiol. Reanim. 67(8), 425-437 (2020).

2. World Health Organization, Oxygen sources and distribution for COVID-19 treatment centres: interim guidance, 4 Apr 2020.
(Online). https://apps.who.int/iris/bitstream/handle/10665/331746/WHO-2019-nCoV-Oxygen_sources-2020.1-eng.pdf. [Accessed
1 Jun 2021].

3. Tesini, B. L. Coronavirus e sindromes respiratdrias agudas (COVID-19, MERS e SARS) (2020).

4. Lotfi, M., Hamblin, M. R. & Rezaei, N. COVID-19: Transmission, prevention, and potential therapeutic opportunities. Clin. Chim.
Acta 508, 254-266 (2020).

5. Gordon, M. R. & Strobel, W. P. New US intelligence report doesn’t provide definitive conclusion on Covid-19 origin. Wall Street
J.1,1(2021).

6. Nakashima, E., Abutaleb, Y., & Achenbach, J. Iden receives inconclusive intelligence report on covid origins, Washington Post, 24
Aug 2021.

7. Danchin, A., Ng, T. W. & Turinici, A. G. A new transmission route for the propagation of the SARS-CoV-2 coronavirus. Biology
10(1), 10 (2021).

8. Yuan, J. et al. Sewage as a possible transmission vehicle during a coronavirus disease 2019 outbreak in a densely populated com-
munity: Guangzhou, China. Clin. Infect. Dis. 73(7), 1795-1802 (2020).

9. Zhang, C. et al. Protein structure and sequence reanalysis of 2019-nCoV genome refutes snakes as its intermediate host and the
unique similarity between its spike protein insertions and HIV-1. J. Proteome Res. 19(1), 1351-1360 (2020).

Scientific Reports |

(2022) 12:3629 | https://doi.org/10.1038/s41598-022-07538-0 nature portfolio


https://opendatasus.saude.gov.br/organization/ministerio-da-saude
https://apps.who.int/iris/bitstream/handle/10665/331746/WHO-2019-nCoV-Oxygen_sources-2020.1-eng.pdf

www.nature.com/scientificreports/

10.
11.

12.
13.

14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.

25.

26.

27.

28.
29.

30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.

44,
45.

46.
47.
48.
49.
. Jaillon, S., Berthenet, K. & Garlanda, C. Sexual dimorphism in innate immunity. Clin. Rev. Allergy Immunol. 56(3), 308-321 (2019).
51.
52.

53.

Zhang, R, Li, Y., Zhang, A. L., Wang, Y. & Molina, M. J. Identifying airborne transmission as the dominant route for the spread
of COVID-19. Proc. Natl. Acad. Sci. 117(26), 14857-14863 (2020).

Channappanavar, R., & Perlman, S. Pathogenic human coronavirus infections: causes and consequences of cytokine storm and
immunopathology. Seminars in immunopathology, pp. 529-539 (2027).

Li, C., He, Q,, Qian, H. & Liu, J. Exp. Ther. Med. 22(10), 1-10 (2021).

Weiss, S. & Navas-Martin, S. Coronavirus Pathogenesis and the Emerging Pathogen Severe Acute Respiratory Syndrome Coro-
navirus. Microbiol. Mol. Biol. Rev. 69(4), 1 (2020).

Busse, L., Chow, J., McCurdy, M. & Khanna, A. COVID-19 and the RAAS-a potential role for angiotensin II. Crit. Care 24(136),
1(2020).

Chen, G. et al. Clinical and immunological features of severe and moderate coronavirus disease. J Clin Invest 130, 2620-2629
(2019).

Wu, C. et al. Risk factors associated with acute respiratory distress syndrome and death in patients with coronavirus disease 2019
pneumonia in Wuhan, China. JAMA Internal Med. 180(7), 934-943 (2020).

Vila-Corcoles, A. et al. Development of a predictive prognostic rule for early assessment of COVID-19 patients in primary care
settings. Aten. Primaria 53(9), 102118-102118 (2021).

Levin, A. T. et al. Assessing the age specificity of infection fatality rates for COVID-19: systematic review, meta-analysis, and public
policy implications. Eur. J. Epidemiol. 35, 1123-1138 (2020).

Li, R. et al. Substantial undocumented infection facilitates the rapid dissemination of novel coronavirus (SARS-CoV-2). Science
368(6490), 489-493 (2020).

Huang, C. et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. The Lancet 395(10223), 497-506
(2020).

Rodriguez-Morales, A., Cardona-Ospina, J. A., Gutiérrez-Ocampo, E. & Villamizar-Pefia, R. Clinical, laboratory and imaging
features of COVID-19: a systematic review and meta-analysis. Travel Med. Infect. Dis. 34, 1023 (2020).

Wang, Z., Yang, B., Li, Q., Wen, L. & Zhang, R. Clinical features of 69 cases with coronavirus disease 2019 in Wuhan, China. Clin.
Infect. Dis. 71(15), 769-777 (2020).

Gautier, J. F. & Ravussin, Y. A new symptom of COVID-19: loss of taste and smell. Obesity 28(5), 848-848 (2020).

Berg-Weger, M. & Schroepfer, T. COVID-19 Pandemic: workforce implications for gerontological social work. J. Gerontol. Soc.
Work 63(6-7), 524-529 (2020).

Previtali, E, Allen, L. D. & Varlamova, M. Not only virus spread: The diffusion of ageism during the outbreak of COVID-19. J.
Aging Soc. Policy 43(4-5), 506-514 (2020).

Taboada, M., Rodriguez, N., Diaz-Vieito, M., Dominguez, M.J., Casal, A., Riveiro, V., & Seoane-Pillado, T. Calidad de vida y
sintomas persistentes tras hospitalizacion por COVID-19. Estudio observacional prospectivo comparando pacientes con o sin
ingreso en UCL. Revista Espafiola de Anestesiologia y Reanimacién, 2021.

Huang, C. et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. The lancet 395(10223), 497-506
(2020).

Leung, C. Clinical features of deaths in the novel coronavirus epidemic in China. Rev. Med. Virol. 30(3), 2103 (2020).

Zhou, E. et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective
cohort study,". The lancet 395(10229), 1054-1062 (2020).

Ranzani, O. T, Bastos, L. S., Gelli, J. G. M. & Marchesi, J. E Characterisation of the first 250 000 hospital admissions for COVID-19
in Brazil: a retrospective analysis of nationwide data. Lancet Respir. Med. 9(4), 407-418 (2021).

Grasselli, G. et al. Risk factors associated with mortality among patients with COVID-19 in intensive care units in Lombardy, Italy.
JAMA Intern. Med. 180(10), 1345-1355 (2020).

Ministério da Saude, SRAG - Banco de Dados de Sindrome Respiratéria Aguda Grave, 2021 (Online). https://opendatasus.saude.
gov.br/organization/ministerio-da-saude. [Accessed 1 Jul 2021].

Secretaria de Vigilancia em Satide, MANUAL DE INSTRUCOES - UNIDADE SENTINELA - 2014, 2014 (Online). http://porta
larquivos.saude.gov.br/images/pdf/2014/julho/21/Anexo2-Manual-US-2014.pdf. [Accessed 19 Jun 2021].

CDC, Weekly Updates by Select Demographic and Geographic Characteristics, 2021. [Online]. https://www.cdc.gov/nchs/nvss/
vsrr/covid_weekly/index.htm. [Accessed 1 Jun 2021].

Martins-Filho, P. R. et al. Factors associated with mortality among hospitalized patients with COVID-19: a retrospective cohort
study. Am. J. Trop. Med. Hyg. 104(1), 103 (2021).

Piroth, L. et al. Comparison of the characteristics, morbidity, and mortality of COVID-19 and seasonal influenza: a nationwide,
population-based retrospective cohort study. Lancet Respir. Med. 9(3), 251-259 (2021).

Li, W. S. & Zhong, E. Age-dependent risks of incidence and mortality of COVID-19 in Hubei Province and other parts of China.
Front. Med. (Lausanne) 7, 190 (2020).

Hand, J. et al. HAND, Julie et al Severe respiratory illness outbreak associated with human coronavirus NL63 in a long-term care
facility. Emerg. Infect. Dis. 24(10), 1964 (2018).

Freitas, P.L., EV, Tratado de geriatria e gerontologia, 4 th ed., Rio de Janeiro, RJ: Guanabara Koogan, 2016.

Oliveira, W. A. D. et al. Adolescents’ health in times of COVID-19: a scoping review. Cad. Saude Publica 36(8), 1-13 (2020).
Cheng, Z. ]. & Shan, J. 2019 Novel coronavirus: where we are and what we know. Infection 48(2), 155-163 (2020).

Yang, J., Zheng, Y., Gou, X. & Pu, K. Prevalence of comorbidities and its effects in patients infected with SARS-CoV-2: a systematic
review and meta-analysis. Int. J. Infect. Dis. 94, 91-95 (2020).

Ellinghaus, D. et al. Genomewide Association Study of Severe Covid-19 with Respiratory Failure. N. Engl. J. Med. 383(16), 1522
1534 (2020).

Nunes, B. P. et al. Multimorbidity: The Brazilian longitudinal study of aging (ELSI-Brazil). Evista de saude publica 52, 1-12 (2018).
Gao, Q. et al. The epidemiological characteristics of 2019 novel coronavirus diseases (COVID-19) in Jingmen, Hubei, China.
Medicine 99(23), e20605 (2020).

Porto, E. F et al. Mortality due to Covid-19 in Brazil: sociodemographic profile of the first weeks. Res. Soc. Dev. 10(1), 34210111588
(2021).

Channappanavar, R., Fett, C. & Mack, M. Sex-based differences in susceptibility to severe acute respiratory syndrome coronavirus
infection. J. Immunol. 198(10), 4046-4053 (2017).

Badawi, A. & Ryoo, S. G. revalence of comorbidities in the Middle East respiratory syndrome coronavirus (MERS-CoV): A sys-
tematic review and meta-analysis. Int. J. Infect. Dis. 49, 129-133 (2016).

P. A. M. . E. &. Spagnolo, J.H. Sex and gender differences in health: what the COVID-19 pandemic can teach us. (Online).

Wu, Z. & McGoogan, J. M. Characteristics of and important lessons from the coronavirus disease 2019 (COVID-19) outbreak
in China: summary of a report of 72 314 cases from the Chinese Center for Disease Control and Prevention. JAMA 323(13),
1239-1242 (2020).

E.S.H.C.C.S.L.S.S.B.R. C. H. M. A. B. M. e. a. Molteni, Illness duration and symptom profile in symptomatic UK school-aged
children tested for SARS-CoV-2. Lancet Child Adolesc. Health, 2021.

Blake, A. et al. Clinical and biochemical characteristics of patients admitted to ICU with SARS-CoV-2. Med. Intensiva 44(9), 589
(2020).

Scientific Reports |

(2022) 12:3629 | https://doi.org/10.1038/s41598-022-07538-0 nature portfolio


https://opendatasus.saude.gov.br/organization/ministerio-da-saude
https://opendatasus.saude.gov.br/organization/ministerio-da-saude
http://portalarquivos.saude.gov.br/images/pdf/2014/julho/21/Anexo2-Manual-US-2014.pdf
http://portalarquivos.saude.gov.br/images/pdf/2014/julho/21/Anexo2-Manual-US-2014.pdf
https://www.cdc.gov/nchs/nvss/vsrr/covid_weekly/index.htm
https://www.cdc.gov/nchs/nvss/vsrr/covid_weekly/index.htm

www.nature.com/scientificreports/

54. Grifoni, A. et al. Targets of T cell responses to SARS-CoV-2 coronavirus in humans with COVID-19 disease and unexposed
individuals. Cell 181(7), 1489-1501 (2020).

55. Le Bert, N, Tan, A. T., Kunasegaran, K., Tham, C. Y. & Hafezi, M. SARS-CoV-2-specific T cell immunity in cases of COVID-19
and SARS, and uninfected controls. Nature 584(7821), 457-462 (2020).

56. Khan, A. H. et al. COVID-19 transmission, vulnerability, persistence and nanotherapy: a review. Environ. Chem. Lett. 1, 1-15
(2021).

Author contributions

M.S.: conceptualization, data curation, formal analysis, writing—original draft, writing—review & editing, and
methodology. A.R.: conceptualization, data curation, formal analysis, writing—review & editing, and methodol-
ogy. A.S.: conceptualization, formal analysis, writing—review & editing. B.O.: conceptualization, data curation,
writing—review & editing, and methodology. G.D.: methodology. J.E.: data curation. R.N.: conceptualization.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.EES.

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:3629 | https://doi.org/10.1038/s41598-022-07538-0 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A retrospective cohort study of 238,000 COVID-19 hospitalizations and deaths in Brazil
	Methods
	Ethical approval. 
	Study design, setting, data sources, and participants. 
	Variables. 
	Study size and missing data. 
	Statistical analysis methods. 

	Results
	Hospitalization time. 
	ICU time. 

	Discussion
	Conclusions
	Availability of supporting data
	References


