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ABSTRACT: Objectives: To retrospectively describe severe cases of  hospitalized patients and deaths related to 
the COVID-19 epidemic in the state of  São Paulo, starting from the date of  the first record, with symptoms 
onset on 02/10/2020 up to 05/20/2021. Methods: This is a descriptive study carried out using the Influenza 
Epidemiological Surveillance System (Sistema de Vigilância Epidemiológica da Gripe – SIVEP-Gripe) database. 
The rates of  incidence, mortality, and accumulated incidence in the period were calculated, stratified by age 
group and Regional Health Department (RHD). In addition, severe cases were geocoded to analyze their spread 
across the state; and the Effective R, which determines the spread potential of  a virus within a population, 
was calculated. Results: There was a significant increase in severe cases and deaths recorded in the period of  
one year, with incidence and mortality rates being heterogeneous within the state. The most critical periods 
regarding the incidence of  severe cases occurred between May and July 2020 and between March and April 2021. 
The RHD in São José do Rio Preto, Expanded São Paulo, and Araçatuba concentrated the highest incidence 
and mortality rates. Severe cases and deaths were more frequent in men and in the population over 60 years, 
while the main risk conditions related to deaths were heart disease (59%) and diabetes (42,8%). Conclusions: 
These results not only provide a detailed profile for more efficient control action plan, but will also allow the 
historical understanding of  the COVID-19 evolution within the state of  São Paulo. 
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INTRODUCTION

On January 31st, 2020, the World Health Organization declared infection by the 
new coronavirus (SARS-CoV-2) a global emergency and named the disease COVID-191. 
The clinical manifestation is similar to that of  other respiratory viruses, with symptoms 
such as fever, usually dry cough, tiredness and, although in 80% of  cases the symptoms 
are mild2, the more severe cases (5%) present symptoms such as dyspnea, pulmonary 
bleeding, severe lymphopenia, and renal failure. Several studies have shown that respi-
ratory transmission represents the dominant route for the spread of  the virus3, mainly 
through human-to-human diffusion4. In particular, recent studies have also shown that, 
in addition to droplets generated by infected people, SARS-CoV-2 can also be transmit-
ted by submicron aerosols5 in specific conditions, such as indoor environments. Due 
to their small size, aerosols can penetrate deeper into the lungs and, as a consequence, 
aggravate the disease6.

The virus was first identified and reported in the city of  Wuhan, China, in December 
20197, and it spread around the world in a short period of  time. On April 26th, a few months 
after the epidemic began in China, around 3 million confirmed cases and 206,000 deaths 
had already been registered worldwide by COVID-198. Genomic sequencing and phy-
logenetic analysis indicated that it is a beta-coronavirus, of  the same subgenus of  the 
severe acute respiratory failure syndrome (SARS) that caused an epidemic in China in 

RESUMO: Objetivo: Descrever, de forma retrospectiva, os casos graves de pacientes hospitalizados e os óbitos 
relacionados à epidemia de COVID-19 no estado de São Paulo, desde a data do primeiro registro, com início 
de sintomas em 10 de fevereiro de 2020 até registros disponíveis em 20 de maio de 2021. Métodos: Trata-se de 
um estudo descritivo realizado por meio da base de dados do Sistema de Vigilância Epidemiológica da Gripe. 
Foram calculadas as taxas de incidência, mortalidade e incidência acumulada no período, estratificadas por faixa 
etária e agrupadas de acordo com cada Departamento Regional de Saúde. Os casos graves foram geocodificados 
para a análise de seu espalhamento pelo estado e foi calculado o R efetivo, que estima o potencial de propagação 
de um vírus em uma população. Resultados: Houve aumento significativo dos casos graves e óbitos registrados 
no período de um ano, e as taxas de incidência e mortalidade foram heterogêneas no estado. Os períodos 
mais críticos em relação à incidência de casos graves ocorreram entre maio e julho de 2020 e entre março e 
abril de 2021. Os Departamentos Regionais de Saúde de São José do Rio Preto, Grande São Paulo e Araçatuba 
concentraram as maiores taxas de incidência e mortalidade. Os casos graves e óbitos foram mais frequentes 
nos homens e na população acima de 60 anos, e as principais condições de risco relacionadas aos óbitos foram 
cardiopatia (59%) e diabetes (42,8%). Conclusões: Espera-se que esses resultados ofereçam embasamento e 
possam contribuir para uma ação de controle mais eficiente da COVID-19, além de permitir o entendimento 
histórico de sua evolução no estado. 
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2003 and of  the Middle East respiratory syndrome (MERS), responsible for the same con-
dition. in the Middle East in 20122. These last two viruses likely originated from bats and 
then infected other mammalian hosts — a civet (Paradoxurus hermaphroditus) for SARS-
CoV and a dromedary (Camelus dromedarius) for MERS-CoV — before reaching humans. 
The dynamics of  SARS-CoV-2 are currently unknown, but there is speculation that it is 
also of  animal origin1.

On February 26th, 2020, the Ministry of  Health in Brazil confirmed the first case of  
COVID-19 in Latin America: a 61-year-old Brazilian man who traveled to Lombardy, 
northern Italy, where a significant outbreak was occurring9. He lived in the city of  São 
Paulo and, since then, the state has become a major epicenter of  the disease in Brazil. 
The aim of  this study was to describe and evaluate the epidemiological aspects of  severe 
cases of  hospitalized patients and deaths from COVID-19 in the state of  São Paulo, from 
the registration of  the first case in February 2020 until May 20th, 2021, in order to pro-
vide a comprehensive update on key issues, which include: spatiotemporal evolution 
in municipalities, age group, gender, characteristics of  deaths, and related comorbidi-
ties. It is hoped, therefore, that this material will serve as a baseline to address the chal-
lenges related to the COVID-19 pandemic and become a reference for future analysis 
and epidemics.

METHODS

For this descriptive and retrospective study in the state of  São Paulo, only severe cases 
of  hospitalized patients and deaths from SARS confirmed for COVID-19 were considered. 
By definition, SARS is considered to be a flu syndrome when an individual with flu-like ill-
ness presents dyspnea/respiratory discomfort, or persistent pressure or pain in the chest, 
or O2 saturation of  less than 95% in room air, or a bluish color (cyanosis) of  the lips or 
face10. Data were obtained from the Influenza Epidemiological Surveillance System (Sistema 
de Vigilância Epidemiológica da Gripe – SIVEP-Gripe), which is the official system of  the 
Ministry of  Health of  Brazil10, for cases with onset of  symptoms between February 10th, 
2020 and May 20th, 2021. The geocoding of  residence addresses of  hospitalized patients in 
severe cases was performed using the HERE API application of  the QGis software, version 
3.10, and with the Hqgis complement, version 0.4.4. The coordinates of  the cases and the 
radius of  influence of  5 km were used to estimate the Kernel density in the state of  São 
Paulo, through the splanc package of  the R software (R Core Team, 2021). According to 
Article 1 of  Resolution No. 510, of  April 7th, 2016, this study does not require approval by 
the Ethics Committee.

As unit of  analysis in space, the 645 municipalities of  São Paulo and the 17 regions of  
the Regional Health Departments (RHD) of  the State Department of  Health were used. 
The estimated population obtained from the State Data Analysis System Foundation 
(SEADE) for 2020 was used to calculate the mortality rate (deaths/100,000 inhabitants). 
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For regional mortality rates, deaths were considered by municipality of  residence. 
Percentage, mean, median, and mode distributions were calculated according to the 
characteristics of  the variables of  interest, whether categorical or continuous. To calcu-
late age-adjusted mortality rates, the world standard population proposed by Segi11 and 
modified by Doll et al.12 was used. On the other hand, lethality considered the number 
of  deaths by COVID-19 in the numerator and the number of  cases of  SARS COVID-19 
in the denominator (multiplied by 100). For the construction of  time series graphics (by 
RHD and by age group) and calculation of  the effective R, the last two epidemiological 
weeks were disregarded, given the large number of  cases characterized as “under inves-
tigation”, which in turn interfere on the trend shown in the graphic. Thus, only records 
comprised in the period between February 10th, 2020 and May 1st, 2021 were considered. 
The effective number of  reproduction R or effective R was calculated using the EpiEstim 
package of  the R software (R Core Team, 2021). This value allows us to estimate the 
potential for the spread of  a virus in a population under certain conditions, acting as a 
proxy for the spread of  the virus.

RESULTS

TIME AND SPACE EVOLUTION

Since the beginning of  the COVID-19 epidemic in São Paulo, in February 2020 
until May 20th, 2021, 366,802 cases of  SARS were confirmed for COVID-19, including 
106,437 deaths in the state of  São Paulo (Figure 1A). The highest record in the num-
ber of  new confirmed SARS COVID-19 cases in a single day (3,209 cases) occurred 
on March 10th, 2021, by symptom onset date; while the highest number of  deaths 
registered in 24 hours (1,389) occurred on April 6th, 2021. Accumulated incidence 
and mortality for the state were 858.56 and 259.10 per 100,000 inhabitants, respec-
tively. However, over the epidemiological weeks (EW) from 2020 to EW 20, 2021, 
the numbers of  serious cases and new deaths related to COVID-19 were heteroge-
neous among the different regions of  the state. Figure 1B shows the six RHD with 
the highest incidence and mortality rates in the analyzed period. The highest cumu-
lative incidences (per 100,000 inhabitants) were observed in the RHD of  São José do 
Rio Preto (1,187.3) and Expanded São Paulo (954), while the highest accumulated 
mortality rates (per 100,000 inhabitants) were also verified in São José do Rio Preto 
(352.9) and in Araçatuba (301.7).

Regarding the spread of  the disease, it is noted that the initial hotspot was the 
Expanded São Paulo region and, over the months, the cases progressed toward the inte-
rior of  the state (Figure 2), and that the dispersion coincided with the main state high-
ways. Currently, the Expanded São Paulo region still concentrates the absolute majority 
of  severe cases and deaths.
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AGE RANGE AND GENDER

During the analyzed period, it was possible to observe that the numbers of  hospitaliza-
tions and deaths were higher for men: 55.74% of  hospitalized patients (204,440) and 56.4% 
of  deaths (60,036) were male. The lethality among the cases of  SARS COVID-19 was similar 

Figure 1. A) Temporal evolution of the number of severe cases of COVID-19 in the state of São 
Paulo and the main events: (1) February 26th: release of the first confirmed case of COVID-19 in 
Brazil; (2) March 12th: São Paulo registers community broadcasting; (3) March 12th: first confirmed 
death by COVID-19; (4) the government of SP state decrees quarantine; (5) June 1st: São Paulo Plan 
takes effect and trade is authorized in the capital; (6) July 6th: relaxation of isolation measures in 
some municipalities in the state; (7) January 4th: notification of first two confirmed cases of the 
new P1 variant in SP; (8) January 17th: start of vaccination in SP; (9) February 26th: restriction of 
the movement of people and new isolation measures. B) Evolution of gross incidence rates of 
severe acute respiratory syndrome by COVID-19 over epidemiological weeks per Regional Health 
Department and per 100,000 inhabitants. Symptom onset period between February 10th, 2020 
and May 1st, 2021.
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in men and women: 29.3 and 28.6%, respectively. In addition, a change in the pattern by age 
group can be identified from January 2021, with an increase among young people (> 20 years) 
and a resurgence in the longest-lived aged population (> 80 years) (Figure 3A). Considering 
both gender, the mean age of  hospitalized patients was 58.3 years and the mean age of  
death was 67.1 years. Of  the total number of  deaths observed in the period (106,437), most 
occurred in male patients aged between 60 and 79 years (Figure 3B). Analyzing the time 
series (Figure 4), it was possible to observe two epidemic peaks of  COVID-19. Throughout 
the entire time series, the oldest age group (> 80 years) was the most affected. It is worth 
noting that the number of  deaths in young patients, aged between 20 and 39 years, has 

Figure 2. Spatial evolution of the number of cases of severe acute respiratory syndrome by COVID-
19 according to place of residence, state of São Paulo. Symptom onset period between February 
10th, 2020 and May 20th, 2021.
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increased: only in the first five months of  2021 the deaths in this group almost doubled 
those registered in 2020 (Figure 3B).

DEATHS

Among the deaths, 79,652 (74.8%) have registered one or more risk conditions, with a 
predominance of  heart disease (59%) and diabetes (42.8%), followed by neuropathy (8.5%), 
obesity (12%), nephropathy (7.7%), pneumopathy (6.8%), and immunosuppression (4.5%). 
Of  the 106,437 confirmed deaths in the state of  São Paulo, 54.2% used the Intensive Care 
Unit (ICU) and, of  these, 63.4% used invasive ventilatory support, 27.7% used noninvasive 
ventilatory support, and 8.9% did not use them. Until the end of  2020, the average ICU stay 
of  patients with SARS COVID-19 who died was 14 days, but this scenario has changed in 

Figure 3. A) Deaths from severe acute respiratory syndrome by COVID-19 by age group and 
month of symptom onset. Symptom onset period between February 10th, 2020 and May 20th, 
2021. The numbers represent the proportion of deaths in each age group. *The month of May 
2021 is incomplete and there are still several cases without a completed outcome. B) Distribution 
of deaths by gender and age group in the state of São Paulo. 2020: period of symptom onset 
between February 10th, 2020 and December 31st, 2020. 2021: period of symptom onset between 
January 1st, 2021 and May 20th, 2021.
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recent months. Considering only the first five months of  2021, the estimated time for a per-
son to evolve to death after being admitted to the ICU decreased to 11 days. The absolute 
majority of  patients who died lived in Expanded São Paulo (53,791), but the highest accu-
mulated mortality in the period was observed in the RHD of  São José do Rio Preto (352.9).

EFFECTIVE R 

It was possible to observe that the effective R of  COVID-19 in the state of  São Paulo 
remained relatively stable over time (Figure 5), with values above 1 in periods of  peak disease 

Figure 4. Time series of crude incidence (A) and mortality (B) rates of severe acute respiratory 
syndrome by COVID-19 by age group in the state of São Paulo. Symptom onset period between 
February 10th, 2020 and May 1st, 2021.
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or positive variation. This estimated value over time can tell you how critical the current 
stage of  an epidemic is.

DISCUSSION

In the period considered, there was a large burden of  serious cases and deaths from 
COVID-19 in the state of  São Paulo, with the occurrence of  two main epidemic peaks 
between May and July 2020 and March and April 2021. Cases and deaths were more 
frequent in men and in the population over 60 years of  age in 2020, and in 2021 there 
is an increase in deaths in the young population (20 to 39 years of  age). The main risk 
conditions related to death were heart disease (59%) and diabetes (42.8%). The ini-
tial hotspot was the Expanded São Paulo region and, over the months, the cases were 
advancing to the interior of  the state in a fast and continuous way, with the increasing 
incidence of  severe cases hospitalized in the municipalities. The RHD in São José do 
Rio Preto, Expanded São Paulo and Araçatuba concentrated the highest rates of  inci-
dence and mortality. 

The partial adherence to social isolation observed in São Paulo can still be considered 
as a factor that may have contributed to the increase in cases. State government data show 
that, during the period of  this study, the average social isolation index ranged from 39 to 
59%, with greater adherence to Sundays and holidays13. Studies show that the level of  
adherence to isolation depends on several factors14, especially the socioeconomic and the 
number of  residents per household15,16. The quality of  housing is another important fac-
tor to be considered, as the state of  São Paulo is very diverse and with very unequal living 
conditions; therefore, the comfort and structure of  this space can make a big difference in 

Figure 5. Estimate of the effective R in the state of São Paulo for the period between April 1st, 
2020 and May 1st, 2021. *CI: confidence interval.
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whether or not to adhere to insulation. Research in the United Kingdom showed that peo-
ple with lower income were three times less likely to practice isolation17, especially due to 
the type of  work performed16.

The aged population represents one of  the groups most prone to severe cases and deaths 
from COVID-19 in the state of  São Paulo. The highest lethality occurred in patients over 
80 years of  age (53%), similar to data from China and the United States1. Recently, Souza 
et al.8 analyzed the Brazilian population and found that most deaths from COVID-19 were 
in men and that the most frequent comorbidities were cardiovascular diseases and diabetes 
— similar data to those found in this study. Behavioral factors, education, especially social 
status, which can impair adherence to isolation measures, proved to be potentially crucial 
in determining susceptibility to SARS-CoV-218,19. This relatively unequal incidence and mor-
tality in men can be interpreted considering many factors: the comparatively higher prev-
alence of  comorbidities (hypertension, diabetes, cardiovascular diseases, and chronic lung 
diseases)20, more risk behaviors (smoking and alcohol use), occupational exposure21, and 
gender differences in immune responses22. However, there may be other social and behav-
ioral characteristics that favor women, as reported in previous studies23,24, suggesting that 
they are more likely to adopt hand hygiene practices23 and to seek more preventive/assis-
tance care24 when compared to men. Furthermore, it is necessary to highlight that mortality 
from COVID-19 can be determined by the intrinsic characteristics of  infected individuals 
(age, previous diseases, lifestyle habits)25 and also by issues related to care, such as the diffi-
culty in accessing health services due to the overload of  care and/or the lack of  therapeutic 
resources (hospital beds, health teams, ventilators, and medications).

The distribution of  the number of  serious cases and deaths of  COVID-19 was hetero-
geneous in the state, and the highest cumulative incidences were observed in the RHD of  
São José do Rio Preto and Expanded São Paulo, while the highest mortality rates were also 
observed in São José do Rio Preto and Araçatuba. It is important to emphasize that these 
regions represent economic centers of  the state and concentrate large assistance infrastruc-
tures, which probably provide the demand in neighboring areas for health equipment with 
greater resoluteness. This was also evidenced by observing the incidence rates by munic-
ipality of  residence, in which the formation of  spatial clusters in the RHD of  São José do 
Rio Preto and Expanded São Paulo was noted.

Multiple factors may be associated with this spatial inequality, such as the susceptibility 
of  individuals to the virus, the prevalence of  comorbidities in the population, and risk behav-
iors. The population characteristics related to COVID-19 are still poorly studied in the liter-
ature. Some studies, such as the one carried out by the World Health Organization1, show a 
higher rate of  transmission in regions with a higher population concentration. In addition, 
the Ministry of  Health generally proposes that certain outbreaks in areas of  high popula-
tion density are more likely to spread and thus represent events with the potential to have 
a major impact on public health10. Another mapping and spatial analysis study carried out 
in China26 showed that the distribution of  COVID-19 cases was not random. The points of  
concentration of  cases, at the beginning of  the epidemic, were restricted to areas of  greater 
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economic development and population density. These factors are related to the greater num-
ber of  cases, as they provide greater commuting mobility, greater number of  trips, and a 
greater number of  health establishments qualified to provide care and diagnosis26.

It is particularly important to monitor the spread of  the disease in the state of  São Paulo, 
the most populous Brazilian state, with 44.3 million inhabitants and an intense flow of  peo-
ple on national and international routes. The results presented here show that the spread 
and interiorization of  the disease in the state followed the main existing state highways. 
The cities of  São Paulo are marked by huge socio-spatial disparities, with clear elements 
of  peripheralization arising from the class cut that marks the national space. Mainly the 
medium and large municipalities (> 100,000 inhabitants) have higher demographic densi-
ties, verticalization, capillary and internalized transport networks, slums, absent or precar-
ious water and sewage networks in part of  the cities, adding elements that contribute to 
the spread of  COVID -1927.

It was noted that, from January 2021, there was a decrease in deaths among aged indi-
viduals over 80 years old and an increase in deaths in the younger population (20 to 59 years 
of  age). The vaccination campaign aimed at aged people began in the state of  São Paulo 
on January 17th, 2021, which may be related with the decrease in deaths in this age group, 
even in the short term. Studies have shown that just the first dose of  the AstraZeneca vac-
cine, for example, already confers high protection against severe symptoms and deaths 
from COVID-1928. The emergence of  new variants, mainly P1 (Brazilian variant originated 
in Manaus) may also have some relationship with this change in pattern in recent months. 
The very characteristics of  the etiologic agent can contribute to the spread or severity of  
cases, due to its ability to mutate and interact among species. According to the epidemi-
ological bulletin of  Instituto Adolfo Lutz29, almost half  (45.9%) of  the samples tested in 
Expanded São Paulo between January and February 2021 are of  the new P1 variant, while 
in other municipalities, such as Araraquara, it already represents the majority of  the tested 
samples (59.26%) in the same period. Studies have observed that this new variant could 
change the COVID-19 mortality pattern among age groups, as well as change its patho-
genicity and virulence profile30.

The profile of  severe cases and deaths from COVID-19 described in this study is simi-
lar to that found in other countries1,31 and Brazilian states8,32,33. There were fewer records in 
young individuals between 0 and 19 years, similarly to the results found by Araújo et al.33 in 
Teresina, Piauí, and to the Data Analysis Centers for Disease Control and Prevention (CDC)31 
in the Chinese cities of  Huabei and Wuhan. In this study, it was noted that the comorbid-
ities most associated with death were heart disease (59%) and diabetes (42.8%), corrobo-
rating the findings of  Cupertino et al.34 in the Brazilian territory. The speed of  the spread 
of  COVID-19 and its movement of  interiorization in the state of  São Paulo occurred in a 
similar way to that found by Castro et al.32. Regions such as the state of  São Paulo, which 
have particular social, geographic, and economic characteristics, may reveal their own pat-
tern of  dissemination of  COVID-19, which makes it interesting and necessary to continu-
ously and rigorously monitor the epidemiological profile of  cases and deaths. In this sense, 
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there is no single solution for the entire country, but public health policies must observe 
regional singularities.

It is important to mention the strengths and weaknesses of  this study. Regarding limita-
tions, the main highlight is the use only of  severe cases of  hospitalization, which does not 
portray the reality of  SARS-CoV-2 in the infected population as a whole, including asymp-
tomatic ones. Still, the data presented here are consistent with the literature. The differences 
in mortality observed in some RHD in the two epidemic peaks may be related to the avail-
ability of  beds in the ICU and not singularly to the lethality attributable to the new variants, 
which was not possible to measure here. Another variable that was not considered in this 
study was the vaccination coverage of  age groups in 2021, which could bias the conclusions 
about deaths at different ages. Among the strengths, it is worth noting that only confirmed 
cases of  COVID-19 were used, followed since its appearance in Brazil until today, in addi-
tion to data from SIVEP-Gripe.

The COVID-19 pandemic represents one of  the most challenging and worrisome public 
health crises of  this generation. There is a need for constant monitoring of  cases and deaths, 
as well as the development of  a multidisciplinary approach in view of  the wide spectrum of  
systemic manifestations arising from COVID-19. Many uncertainties remain regarding the 
virus-host interaction and the evolution of  the pandemic. Currently, therapeutic strategies 
to deal with the infection are of  limited support, until scientific evidence materializes, and 
prevention aimed at reducing transmission in the community is the most concrete strategy, 
as vaccines are not yet available in sufficient quantity with a view to the expected effective-
ness. However, we have here a temporal profile of  how the virus is responding in different 
regional and population profiles. It is expected that the start and course of  the vaccination 
campaign, especially in the groups prioritized so far (aged people, patients with comorbid-
ities, and health professionals) represent the predictable impact with the decrease in severe 
cases and deaths in the medium term, thus modifying the current pandemic scenario.

Finally, the evidence presented in this study may be useful in formulating grounded 
hypotheses for the development of  strategic public policies and, therefore, in the application 
of  more assertive control actions in the most vulnerable regions and age groups. The pan-
orama shown here will certainly favor not only the control bodies in the current situation, 
but will also contribute to the realization of  a quick response to this and future pandemics, 
in addition to allowing the understanding and historical record of  its spread.
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