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Article 
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Abstract: Background/Objectives: to analyze the effects of vaccination against SARS-CoV-2 on the incidence, 

lethality and mortality from COVID-19, in the city of São Paulo, in the period 2020-2022. Methods: this is a 

population-based time series study, with official public data, relating to the period from 2020 to 2022. The 

population data were extracted from the Municipal Health Department of São Paulo, according to the 

geographic division of the Regional Health Coordination (CRS). The Prais-Winsten regression model was used, 

calculating the percentage variation of daily change (DPC). This procedure made it possible to classify the trend 

of epidemiological rates as increasing, decreasing or stationary. Results: the city of São Paulo recorded that 17% 

of its total population was infected at least once by the SARS CoV-2 virus, with a fatal outcome in 0.4% of its 

total population. When comparing the differences between the CRS, it was observed that the North region had 

a higher lethality rate at the beginning of the pandemic, decreasing significantly over the period. The Central 

region, in 2021, showed an increasing trend different from the other regions. Regarding mortality, the North, 

Center and West coordinators showed decreasing trends in all periods analyzed, unlike the East, Southeast and 

South coordinators, which in 2020 showed stationary trends. Conclusions: there was a reduction in the 

epidemiological outcomes of COVID-19 after the mass application of vaccination against SARS-CoV-2. 

Strategies to increase vaccination coverage should be implemented in all regions of the city of São Paulo, 

especially in those with high social vulnerability. 

Keywords: COVID-19; time series; epidemiology 

 

1. Introduction 

Since the first case of COVID-19 was identified in early 2020 and over the more than three years 

of the pandemic, Brazil has recorded almost 39 million cases and 712,000 deaths from the disease, 

according to notifications from state health departments to the Brazilian Ministry of Health, available 

on the Coronavírus/Brasil dashboard[1]. In 2024 alone, 595,758 cases and 3,567 deaths were recorded, 

data updated on May 29. 

Considering that individual health is a basic and universal social right and that its guarantee 

requires efforts to build more just and equitable societies[2]. Brazil has a universal health system 

(SUS) and a robust system for responding to public health emergencies, as demonstrated throughout 

the COVID-19 era. However, the management experienced during the period underutilized these 

characteristics, placing Brazil in second place among countries with the highest number of fatal 

victims of COVID-19[3]. 
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In Brazil, the first confirmed cases of COVID-19 began in areas with better living conditions and 

a greater flow of contacts with the outside world, with the first report on February 26, 2020, and the 

first death recorded in the city of São Paulo on March 12, 2020. And, cases like this also followed in 

metropolitan cities such as Rio de Janeiro and Fortaleza[4,5].  

The city of São Paulo is the largest, richest and one of the most unequal cities in the country, and 

ranks 8th as the most populous city in the world, with 12,200,180 inhabitants[6]. It is considered the 

largest economic, financial and cultural center in Latin America, and during the COVID-19 pandemic, 

social inequalities were accentuated , worsening the living conditions of the poorest, women and the 

black population[7]. 

Several studies have shown that COVID-19 does not affect everyone or everywhere with the 

same speed and intensity[8], and it has been found that the pandemic found, in metropolitan areas, 

a very favorable environment for its spread. However, it quickly reached the poorest social classes 

and most precarious areas, with devastating effects on residents both in the most distant peripheries 

and in the central enclaves of slums and favelas[9]. Especially due to two fundamental factors: 

housing conditions characterized to a large extent by precariousness and excessive density, and 

working conditions with a huge contingent of the population dedicated to informal and precarious 

work and with greater spatial mobility, making any more effective strategy of social isolation 

impossible[9,10]. 

COVID-19 has highlighted the weight of spatial inequalities, as mortality, lethality and incidence 

rates of the disease are higher in the poorest regions, where areas of high social vulnerability are 

concentrated[11]. In addition, the start and course of the vaccination campaign are expected to have 

a predictable impact with a reduction in serious cases and deaths in the medium term. 

It is possible that in each city, distinct urban structures also played an important role, along with 

other factors, in the advancement of the pandemic. It is therefore worth examining how urban 

structure relates, locally, to the spread of COVID-19. Thus, it is particularly important to understand 

the process of dissemination of the COVID-19 pandemic in the city of São Paulo. 

Thus, the objective is to analyze the effects of vaccination against SARS-CoV-2 on the incidence, 

lethality and mortality from COVID-19 in the city of São Paulo, in the period 2020-2022. 

2. Materials and Methods 

Study Design and Database 

This is an ecological study of time series, and population base, using official public data made 

available on the website of the Municipal Health Department of São Paulo : 

http://tabnet.saude.prefeitura.sp.gov.br/cgi/deftohtm3.exe?secretarias/saude/TABNET/RCOVID19/c

ovid19.def[12]. 

Data were collected in March 2023, considering COVID-19 cases and deaths registered in the 

period between January 1, 2020 and December 31, 2022. Data were extracted from the official public 

data system. Confirmed cases and deaths were collected from the health information systems 

responsible for recording, analyzing and publishing the data. 
All new cases and deaths that occurred in the city of São Paulo and were reported by the city to 

the State Health Department through compulsory notification were considered. 

Population data were extracted from the population website of the Municipal Health 

Department of São Paulo, according to administrative divisions of population residence, according 

to Regional Health Coordination Offices (CRS): 

http://tabnet.saude.prefeitura.sp.gov.br/cgi/deftohtm3.exe?secretarias/saude/TABNET/POP/pop.def

[12]. 

To minimize possible discrepancies and ensure quality and reliability, data were extracted by 

two researchers independently. 
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Figure 1. Map of the Municipality of São Paulo according to the six Regional Health Coordinators. 

Source: SEADE Foundation – Projected population for 2023[13]. 

The Regional Health Coordinating Offices are subdivided into six strata and include the 

following sub-prefectures: CRS East – Sub-prefectures of São Mateus; CRS Southeast – Sub-

prefectures of Vila Mariana/Jabaquara, Ipiranga, Mooca/Aricanduva/Formosa/Carrão, Penha, Vila 

Prudente/Sapopemba; CRS Center – Sub-prefectures of Sé and Santa Cecilia; CRS South – Sub-

prefectures of Campo Limpo, M'Boi Mirim, Santo Amaro, Capela do Socorro, Parelheiros; CRS West 

– Sub-prefectures of Lapa/Pinheiros, Butantã; and CRS North – Sub-prefectures of Perus, Pirituba, 

Freguesa/Brasilândia, Casa Verde/Cachoeirinha, Santana/Tucuruvi/Jaçanã/Tremembé. 

Study Population Data 

All notifications of new cases and deaths were considered using the International Classification 

of Diseases, 10th edition (ICD-10) of U07.1 “COVID-19, virus not identified” and a diagnosis of 

COVID-19 disease confirmed by laboratory tests, or U07.2 “COVID-19, virus not identified” 

associated with a diagnosis of the disease, according to clinical, laboratory criteria, or epidemiological 

confirmation[14]. 

This study involves only the analysis of secondary data and all these sources of information are 

in the public domain. No additional information that is not freely accessible was collected. 

Furthermore, no personally identifiable information was obtained for this study. 

Statistical Analysis 

The collected data were organized into a spreadsheet using Microsoft® Excel 2016. Three trends 

were used and calculated: 

1. incidence rates (new cases/population) expressed per 100,000 inhabitants during a given period 

in a specified population ; 

2. mortality (deaths/population) of COVID 19, expressed per 100,000 inhabitants and 

3. lethality or case-fatality which consists of the proportion of individuals diagnosed with COVID 

19 who died, and is therefore a measure of severity among the cases detected. (total deaths / total 

cases ) expressed as a percentage (%). 
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All rates were expressed as a daily percentage, between January 2020 and December 2022, 

according to the population projection according to the Regional Health Coordination Offices of the 

municipality of São Paulo. 

For trend analysis, the methods proposed by Antunes and Cardoso[15] were used. Thus, the 

Prais-Winsten regression[16] model was used , which allowed first-order autocorrelation corrections 

to be performed on the values organized in time, between the years 2020, 2021 and 2022. The 

following values were estimated: angular coefficient of linear regression (b) and respective 

probability (p) considering the significance level of 95% confidence interval (95%CI). 

The data modeling process includes transformation rates (dependent variable = Y value) into a 

base 10 logarithmic function. The independent variable (X value) was the days of the historical series. 

The results of the logarithmic rates (B) of the Prais-Wisten regression[16] allowed estimation of 

the percentage variation of daily change ( Daily Percent Change – DPC) in each regional coordination 

office of the city of São Paulo, with the respective confidence intervals (95% CI) 

DCP=(-1+10)*100%. 

(IC95%) = (-1+10 β max )*100%. 

(IC95%) = (-1+10 βmin )*100%. 

This procedure made it possible to classify the temporal trend of COVID-19 rates as increasing, 

decreasing or stationary, and to quantify the percentage variation in the daily incidence, mortality 

and fatality rates[17]. The trend was considered stationary when the coefficient was not significantly 

different from zero (p>0.05). 

To facilitate the visualization of lethality trends, we reduced the random variation of the graph 

using the 5th order moving average technique[15]. All statistical analyses were performed using Stata 

15.1 software ( College Station , TX, 2018). 

3. Results 

Monthly Distribution of Confirmed SARS Cases and Deaths for COVID-19 in the City of São Paulo, 

According to its Regional Health Coordinators 

In the period analyzed (2020-2023), the city of São Paulo registered 1,988,657 confirmed cases of 

COVID-19, equivalent to approximately 17% of its total population being infected at least once by the 

SARS CoV-2 virus, with a fatal outcome in 0.4% of its total population. According to the coordination 

regions, the region that presented the highest absolute number of cases was the CRS Sul (524,406 

confirmed cases), followed by the CRS Sudeste (488,129 confirmed cases), representing, respectively, 

18.7% and 18% of its total population. The latter presented 0.46% of deaths in the population. 

The highest number of new SARS COVID-19 cases was recorded in January 2022 (212,931 cases) 

(Table 1). This was the month with the highest relative frequency for all regions, with emphasis on 

the West CRS (11.65%) of confirmed cases. Regarding the absolute number of cases, the region with 

the highest number of cases was the South (59,530 cases), followed by the Southeast CRS (50,294 

cases). This explains why they are the most populated regions of the city of São Paulo. 

Regarding the number of deaths, 46,436 deaths from SARS COVID-19 were recorded in the city 

of São Paulo, and the highest number of deaths recorded in the month occurred in March and April 

2021 (6,322 deaths and 5,704 deaths). And, in this same period, the same peak in the number of deaths 

was recorded in all regions of the city of São Paulo, with March and April standing out as the most 

severe months in terms of the relative frequency of deaths. Highlighting the CRS Leste with the 

highest relative frequency (15.86%) in this same month of March 2021. 

Table 1. Incidence, mortality and fatality rate by covid-19 in the city of São Paulo, Brazil, from January 

2020 to December 2022. 

Date CASES %CASES DEATHS %DEATHS MORTALITY LETHALITY INCIDENCE 

JAN/20 1209 0.06 0 0 0.00 0 10.19 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 October 2024 doi:10.20944/preprints202410.1885.v1

https://doi.org/10.20944/preprints202410.1885.v1


 5 

 

FEB/20 575 0.03 0 0 0.00 0 4.84 

MAR/20 7875 0.40 483 1.04 4.07 6.13 66.35 

APR/20 25012 1.26 2396 5.16 20.19 9.58 210.72 

MAY/20 60326 3.04 3620 7.80 30.50 6.00 508.24 

JUN/20 69711 3.51 3083 6.64 25.97 4.42 587.30 

JUL/20 69032 3.47 2243 4.83 18.90 3.25 581.58 

AUG/20 54121 2.72 1682 3.62 14.17 3.11 455.96 

SET/20 42848 2.16 1024 2.21 8.63 2.39 360.99 

OCT/20 46637 2.35 632 1.36 5.32 1.36 392.91 

NOV/20 78123 3.93 740 1.59 6.23 0.95 658.17 

DEC/20 89667 4.51 1425 3.07 12.01 1.59 755.43 

JAN/21 104357 5.25 2161 4.65 18.21 2.07 879.19 

FEB/21 89754 4.52 1776 3.82 14.96 1.98 756.16 

MAR/21 160395 8.07 6322 13.61 53.26 3.94 1351.30 

APR/21 87644 4.41 5704 12.28 48.06 6.51 738.39 

MAY/21 101597 5.11 3280 7.06 27.63 3.23 855.94 

JUN/21 76787 3.86 2659 5.73 22.40 3.46 646.92 

JUL/21 47835 2.41 1505 3.24 12.68 3.15 403.00 

AUG/21 45085 2.27 769 1.66 6.48 1.71 379.83 

SET/21 37044 1.86 678 1.46 5.71 1.83 312.09 

OCT/21 23263 1.17 515 1.11 4.34 2.21 195.99 

NOV/21 16973 0.85 257 0.55 2.17 1.51 142.99 

DEC/21 44944 2.26 119 0.26 1.00 0.26 378.65 

JAN/22 212931 10.71 1055 2.27 8.89 0.50 1793.91 

FEB/22 25608 1.29 929 2.00 7.83 3.63 215.74 

MAR/22 8220 0.41 174 0.37 1.47 2.12 69.25 

APR/22 11012 0.55 38 0.08 0.32 0.35 92.77 

MAY/22 51519 2.59 55 0.12 0.46 0.11 434.04 

JUN/22 143159 7.20 302 0.65 2.54 0.21 1206.09 

JUL/22 40940 2.06 337 0.73 2.84 0.82 344.91 

AUG/22 7590 0.38 82 0.18 0.69 1.08 63.94 

SET/22 3786 0.19 19 0.04 0.16 0.50 31.90 

OCT/22 11679 0.59 25 0.05 0.21 0.21 98.39 

NOV/22 73548 3.70 204 0.44 1.72 0.28 619.63 

DEC/22 17851 0.90 143 0.31 1.20 0.80 150.39 
 1987448 100 46436 100    

Lethality (%) According to Regional Health Coordination Offices. Municipality of São Paulo, Brazil 

Regarding lethality, the City of São Paulo presented 2.34% in the period between January 2020 

to December 2022, the regions of the city of São Paulo, which presented the highest lethality were the 

CRS Norte (2.80%), being higher at the beginning of the pandemic (2020) followed by the CRS Leste 

(2.72%) and Sudeste (2.57%) (Table 2). 

Table 2. Cases, deaths and fatality rate (%) according to Regional Health Coordination Offices. 

Municipality of São Paulo, from January 2020 to December 2022. 

 General North South West Center East Southeast 

Cases 
1988657 

 

361102 

 

524406 

 

180209 

 

67556 

 

361843 

 

488129 

 

Deaths 
46436 

 

10106 

 

8680 

 

3588 

 

1636 

 

9853 

 

12567 

 

Lethality 
2.34 

 

2.80 

 

1.66 

 

1.99 

 

2.42 

 

2.72 

 

2.57 
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Source: Information extracted from http://tabnet.saude.prefeitura.sp.gov.br . Accessed: March 2023. 

Temporal Trends in Lethality and Incidence and Mortality Rates of COVID-19, in the City of São Paulo and 

its Regions, in the period 2020-2022 

The temporal analysis of incidence, mortality and lethality rates for each CRS shows that all 

regions presented the same epidemic peaks, with discreet changes in relation to the regional health 

coordinators. 

Regarding incidence, there is a slight difference in incidence in the Central CRS, which is higher 

at the beginning of the pandemic. The Southern CRS has a higher incidence in the months between 

January 2021 and January 2022. The Southeast CRS has an increase in incidence different from the 

other regions in November 2020 and a plateau that extends until January 2021, and in June 2022 and 

November 2022 it has higher incidence peaks than the other regions. 

Regarding the mortality rate, all regions present the same patterns of curves and epidemic peaks. 

However, the region that stands out the most is the CRS Sudeste, leading almost the entire period 

with the highest mortality rate. 

In the analysis of Lethality, it is observed that the CRS Norte presented a greater discrepancy at 

the beginning of the pandemic in April 2020 (16.31%), decreasing significantly over the period, 

followed by the East region (10.65%) and Southeast (10.32%). 

 
Incidence 

 
Mortality 
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Lethality 

Figure 2. Temporal trend of Incidence Rates and Mortality Rate per 100,000 inhabitants and Lethality 

per 100 cases in all health regions of the city of São Paulo in the period from January 2020 to December 

2022. 

Prais-Winsten and Dayly Regression Estimates Percent Chance (DPC) trend in Lethality, Incidence and 

Mortality of COVID-19, in the City of São Paulo 

The results obtained through the lethality trend demonstrated that the regions of the North, 

South, East and Southeast coordinations presented similar trends in the Total period (2020 to 2022). 

However, in the CRS Oeste there was a difference in the periods 2021 and 2022, in which it presented 

a stationary trend. And in the CRS Central, in the year 2021, this trend was increasing. 

Regarding mortality, the regions of the North and West coordination offices showed decreasing 

trends throughout the period analyzed. This differed from the South, East and Southeast regions, 

which showed decreasing trends throughout the period, except in 2020, when the trend was 

stationary. 

The incidence trend was the one that showed differences in each region, when compared to the 

general period (2020 to 2022), mainly in the West and Central regions, where this trend remained 

increasing, while for the North, South, East and Southeast regions the trend was stationary. In the 

period of 2022, the incidence trend decreased for the North, South and Central regions and was 

stationary for the East, Southeast and West regions. 

Table 3. Prais-Winsten and Dayly regression estimates Percent Chance (DPC) of COVID-19 lethality, 

incidence and mortality trends, according to the health regions (General, North, South and West) of 

the city of São Paulo, from 2020 to 2022. 

Perio

ds 

DPC (95% 

CI) 

Lethality 

p 
Lethalit

y Trend 

DPC (95% 

CI) 

Mortality 

p 
Mortalit

y Trend 

CPD (95% 

CI) 

Incidence 

p 
Incidence 

Trend 

General 

Total 

Perio

d 

-0.25 (-0.31 

: -0.18) 

<0.0

01 

Descen

ding 

-0.40 (-0.52 : 

-0.29) 

<0.00

1 

Descend

ing 

0.03 (-0.23 : 

0.29) 
0.821 

Stationar

y 

2020 
-0.56 (-0.75 

: -0.38) 

<0.0

01 

Descen

ding 

1.29 (-0.24 : 

2.83) 
0.098 

Stationa

ry 

1.15 (0.52 : 

1.78) 

<0.00

1 
Growing 

2021 
-0.49 (-0.74 

: -0.24) 

<0.0

01 

Descen

ding 

-0.99 (-1.24 : 

-0.75) 

<0.00

1 

Descend

ing 

-0.47 (-0.66 : 

-0.28) 

<0.00

1 

Descendi

ng 

2022 
0.02 (-0.35 : 

0.38) 
0.93 

Stationa

ry 

-0.27 (-0.69 : 

0.16) 
0.214 

Stationa

ry 

-0.76 (-1.73 : 

0.22) 
0.127 

Stationar

y 
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North 

Total 

Perio

d 

-0.14 (-0.20 

: -0.09) 

<0.0

01 

Descen

ding 

-0.30 (-0.36 : 

-0.25) 

<0.00

1 

Descend

ing 

0.14 (-0.10 : 

0.37) 
0.254 

Stationar

y 

2020 
-0.93 (-1.03 

: -0.82) 

<0.0

01 

Descen

ding 

-0.38 (-0.59 : 

-0.17) 

<0.00

1 

Descend

ing 

1.48 (1.06 : 

1.91) 

<0.00

1 
Growing 

2021 
-0.37 (-0.52 

: -0.21) 

<0.0

01 

Descen

ding 

-0.93 (-1.10 : 

-0.75) 

<0.00

1 

Descend

ing 

-0.49 (-0.66 : 

-0.31) 

<0.00

1 

Descendi

ng 

2022 
0.16 (-0.21 : 

0.54) 

0.38

3 

Stationa

ry 

-0.21 (-0.39 : 

-0.04) 
0.016 

Descend

ing 

-1.31 (-2.50 : 

-0.10) 
0.033 

Descendi

ng 

South 

Total 

Perio

d 

-0.18 (-0.22 

: -0.13) 

<0.0

01 

Descen

ding 

-0.25 (-0.30 : 

-0.19) 

<0.00

1 

Descend

ing 

0.16 (-0.17 : 

0.49) 
0.347 

Stationar

y 

2020 
-0.81 (-0.91 

: -0.71) 

<0.0

01 

Descen

ding 

-0.23 (-0.49 : 

0.04) 
0.092 

Stationa

ry 

1.50 (0.89 : 

2.11) 

<0.00

1 
Growing 

2021 
-0.37 (-0.52 

: -0.22) 

<0.0

01 

Descen

ding 

-0.87 (-1.06 : 

-0.69) 

<0.00

1 

Descend

ing 

-0.46 (-0.63 : 

-0.30) 

<0.00

1 

Descendi

ng 

2022 
0.10 (-0.28 : 

0.47) 

0.61

3 

Stationa

ry 

-0.25 (-0.41 : 

-0.09) 
0.002 

Descend

ing 

-1.46 (-2.69 : 

-0.22) 
0.021 

Descendi

ng 

West 

Tota

l 

Peri

od 

-0.10 (-0.14 : -

0.06) 

<0.0

01 

Descend

ing 

-0.16 (-0.20 : -

0.13) 

<0.0

01 

Descen

ding 

0.36 (0.07 : 

0.64) 

0.01

4 

Growin

g 

2020 
-0.69 (-0.80 : -

0.57) 

<0.0

01 

Descend

ing 

-0.32 (-0.47 : -

0.17) 

<0.0

01 

Descen

ding 

1.61 (1.14 : 

2.09) 

<0.0

01 

Growin

g 

2021 
-0.06 (-0.18 : 

0.06) 

0.33

3 

Stationa

ry 

-0.60 (-0.71 : -

0.48) 

<0.0

01 

Descen

ding 

-0.41 (-0.61 : -

0.20) 

<0.0

01 

Descen

ding 

2022 
0.16 (-0.17 : 

0.49) 

0.34

4 

Stationa

ry 

-0.20 (-0.34 : -

0.06) 

0.00

6 

Descen

ding 

-0.87 (-1.75 : 

0.01) 

0.05

3 

Station

ary 

Table 4. Prais-Winsten and Dayly regression estimates Percent Chance (DPC) of COVID-19 lethality, 

incidence and mortality trends, according to the health regions (Center, Southeast and East) of the 

city of São Paulo, from 2020 to 2022 (continued). 

Perio

ds 

DPC (95% 

CI) Lethality 
p 

Lethalit

y Trend 
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4. Discussion 

Brazil only recognized the first case of coronavirus on February 26, 2020, in the metropolitan 

region of São Paulo. From that moment on, health organizations began very slowly to initiate 

strategies to contain the virus, still facing a very divergent scenario with the federal government 

regarding the continuation of the distancing, quarantine and lockdown protocols. 

Lethality 

In many global cities, especially the larger ones, there are different levels of socioeconomic 

inequality. In the American city of New York, a delay in social isolation measures led to a steep 

increase in cases, with significant social impacts on the poorest sections of the population[18]. 

In this scenario, all regions of the city of SP showed an accelerated growth in lethality, reaching 

in April 2020, the highest lethality in the entire period (2020-2022). At this time, the epicenter of 

COVID-19 was the city of São Paulo[18]. 

The North CRS had the highest lethality rate in 2020 (2.80%). With emphasis on the month of 

April, where the lethality rate was 16.3%, followed by the East (10.6%), Southeast (10.32%), Center 

(9.3%), and West (7.15%) regions. However, after this period, all regions showed another peak in 

lethality in April 2021. However, when compared to the other regions of the city of SP, the North CRS 

showed a significant decrease in lethality (7.98%), configuring itself as the region with the greatest 

decreasing trend (DPC - 0.93; p < 0.001). 

When analyzing the trend in the periods of 2020 before vaccination and 2021 with the beginning 

of vaccination, it is observed that, except for the CRS Centro, the lethality was decreasing for all CRS 

in the city of São Paulo, showing a significant decrease in the daily percentage variation, 

demonstrating that vaccination had an effect on reducing the lethality. It is assumed that with the 

advent of vaccination there was a gradual return to work activities, increasing the flow of people to 

the Central region. In metropolitan areas such as São Paulo, there is a shift of the population from 

peripheral areas to the central region with greater job offers, resulting in greater exposure of this 

population and an increasing trend for the year 2021. However, with the increase in vaccination 

coverage, a change in this trend to a decreasing trend can be observed in the year 2022. 

Despite following the same trend pattern in the years recorded, the CRS Sul was the region that 

presented the lowest fatalities throughout the period. This result corroborates a study carried out at 
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the beginning of the pandemic that highlighted the West and South zones of the city with the lowest 

number of deaths, while the majority of deaths were concentrated in the North and East zones[19]. 

It is important to highlight that the spatial-temporal differences in COVID-19 lethality between 

Brazilian states may reflect social, economic, cultural and structural inequalities[20]; however, the 

spatial heterogeneity of the subdivisions of the regional health coordinators does not allow us to 

measure the difference between the regions. 

Mortality 

Spatial analyses carried out in 2020 detected spatial patterns and critical points of the pandemic 

for this year[21]. In our study, we can observe that the highest mortality rates occurred in May 2020, 

and even higher in March and April 2021, when the curve reached its peak for all regions. It is 

important to highlight that the increase in vaccination was just beginning, and while other countries 

already had considerable portions of their population vaccinated, starting vaccination in December 

2020, Brazil was still facing the worst pandemic scenarios in 2021. 

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[5]. Research predicted a collapse of the health 

system in a second wave, with the Omicrom variant[22]. 

In February 2021, Brazil reached its lowest level of social isolation in a year (32.2%). On March 

2, 2021, data from the São Paulo state government stated that the state had recorded a collapse in its 

health system and the highest number of deaths in 24 hours, 60,000 deaths from COVID-19. This 

catastrophe reached the world's media to such an extent that two of the most influential newspapers 

on the planet — the British "The Guardian" and the American "The New York Times" — addressed 

the Brazilian tragedy with COVID-19 and positioned the country as a “global health threat”. By that 

date, 18 countries had suspended flights or established restrictions on passengers leaving Brazil, for 

fear of the spread of the new coronavirus and its variants. For the City of São Paulo, the death data 

showed the highest number of deaths in 24 hours, on March 26, 2021, with 337 deaths. This data is 

even more alarming, especially in the Southeast CRS, responsible for 100 deaths on this date. 

Still considering the month of March 2021, for the CRS Leste of the city of São Paulo, it was the 

worst month in the entire study period, presenting 15.86% of relative frequency of confirmed deaths. 

Which was configured with the greatest negative daily percentage variation for this region relative 

to the year 2021 (DPC -1.02; p<0.001). 

Studies[23–25] suggest that social disparities and worsening indicators may reflect a 

combination of factors that result in greater vulnerability to exposure to the virus and, consequently, 

an increase in mortality rates. Examples include household crowding, underlying medical conditions, 

occupation and means of transportation, and commuting time to work. Our study assumes that these 

variables can directly influence mortality rates; however, more specific studies should be carried out 

to assist in the formulation of public policies and guidance for local managers. According to the 2020 

Map of Inequality in the City of São Paulo, the two districts with the highest number of deaths from 

COVID-19 have a percentage of households in favelas 3 times higher than the city average. 

Brasilândia (CRS Norte) and Sacomã (CRS SE) have 30% and 28% of their households in favelas. 

Together, they account for more than 500 deaths. 

The month of March 2021 therefore presented the highest peak in mortality in all regions and 

from this month onwards there was a significant decrease in mortality which may be directly related 

to the increase in vaccination. Thus, the high number of deaths and the collapse of the health system 

in 2021 could have been avoided if the country had prepared correctly and anticipated the acquisition 

of vaccines. 

Prains trend analysis Wintein[16] observed that the CRS regions showed a decreasing trend 

(p<0.001) for the years 2021 and 2022 

Incidence 

Regarding the incidence trend analysis, we can observe that in 2020 all regions of the city of São 

Paulo showed an increasing trend (p<0.001) and in 2021 the trend was decreasing (p<0.001). This 
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scenario may be related to the increase in vaccination for this year. However, for the year 2022, we 

can observe differences in that for the North, South and Center regions of the city of São Paulo there 

is a decreasing trend, unlike the East, Southeast and West regions where the trend was stationary. 

By analyzing the incidence graphs of the regions, it is also possible to visualize the importance 

of social isolation and lockdown , which kept the curves and peaks more attenuated. The fact is that 

from 2022 onwards, the incidence starts to have higher peaks. This becomes more evident when 

viewed from a monthly perspective. We can see that in all regions, the incidence curves remained 

similar. While the state maintained lockdown policies, the curves were more attenuated. While after 

vaccination, with the release of distancing policies in 2022, the curves reached high rates with more 

frequent epidemic peaks, during the years, as observed in 2022, with peaks in the months of January, 

June, and November, presenting gradually smaller epidemic peaks. This can also be demonstrated 

by the greater daily percentage variation in the incidence rate that occurred in 2020 and 2022 for all 

regions. 

Our results do not allow us to analyze the effect of specific incidence in the vaccinated 

population, however we can observe that vaccination considerably reduced mortality and lethality 

in the population studied. Studies carried out after one year of vaccination also demonstrated a 

reduction in the incidence of infection and severe COVID-19 after vaccination, particularly among 

those clinically vulnerable to severe COVID-19[26,27] . Our study suggests the importance of booster 

doses in order to reduce the epidemic peaks found in the months of 2022. 

Still in this monthly perspective, we can observe that the first peak of incidence occurred in May 

2020 for the West, Center and North regions, demonstrating that it possibly began in these regions 

and later reached the Southeast, East and South CRS[18]. also observed this change in incidence 

patterns in which they detected that at the beginning of the pandemic the most affected urban 

patterns were what they classified as A, B, C and explained that this scenario occurred because 

COVID-19 arrived in São Paulo through travelers who had been to Italy. 

These results suggest that the spread of COVID-19 in São Paulo may have followed the expected 

pattern, in which regions with poor urban structures in the city were proportionally more affected 

by the disease[18]. However, the number of deaths and lethality rates were higher for the different 

urban patterns with greater vulnerability. In our study, this pattern can also be observed, with a 

higher lethality rate in the North, East, and Southeast regions[28]. 

Still in the monthly distribution of cases, we can observe that, for all regions, the worst month 

with the highest number of confirmed cases was January 2022, in which the city of São Paulo had 

212,931 confirmed cases (10.71% of the relative frequency), with January 10th having 16,092 

confirmed cases. However, what can be observed in the temporal trend is that although January 2022 

was the month with the highest incidence and prevalence of cases, the lethality and mortality rates 

were low when compared to what occurred in March 2021. This can possibly be explained by the 

increase in vaccination, demonstrating that although people became infected with the Sars CoV-2 

virus, they did not present the severe form of the disease that could lead to death[29]. 

In general, we observed that all regions presented subtle differences in relation to the period 

studied. In fact, in contrast to the divisions of the regional health coordinators that exist today, the 

municipality of São Paulo is clearly a group of “cities” with very different vulnerabilities in response 

to external factors. Statistically distinguishing groups of urban patterns in the city that allow a 

different view of the political-administrative (districts) that are artificial divisions and do not allow 

us to glimpse specific details of the vulnerability related to the spread of the COVID-19 disease[18,29]. 

According to the UNDP Program, the city of São Paulo has enormous internal inequality, the 

worst indicators are found in the Southern CRS and the extremes of the Eastern CRS, in the South 

zone also concentrates 21.3% of residents in substandard agglomerations (favelas), while the most 

central areas and areas contiguous to the North, West and Southeast have the best Human 

Development Index. Regarding income, 5.6% of the inhabitants of the Western CRS receive more than 

20 minimum wages per month. The Southeast CRS presents intermediate data between the extremes 

of the Eastern, Central and Western CRS, in which a large part of the population receives up to two 

minimum wages[30,31]. 
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To identify vulnerability patterns, we should check the trend in each region specifically in order 

to have a more in-depth look at how the spread of COVID-19 occurred in each scenario in the city of 

São Paulo. To this end, more studies should be carried out with a more specific look at each territory. 

5. Conclusions 

The city of São Paulo, in general, presented a strong spatial interdependence when analyzing 

the grouped concentrations of incidence and mortality due to COVID-19. When comparing the 

differences between the Regional Health Coordinators, it was observed that the CRS Norte presented 

a greater discrepancy in lethality at the beginning of the pandemic, decreasing significantly over the 

period. And the CRS Central, in 2021, showed an increasing trend different from the other regions. 

Regarding mortality, the CRS Norte, Centro and Oeste presented a decreasing trend for all periods 

analyzed (2020, 2021 and 2022), different from the CRS Leste, Sudeste and Sul which in 2020 

presented a stationary trend. Demonstrating that territorial disparities, determined by the 

subdivisions by Regional Health Coordinators, demonstrate unequal impacts and we found a 

relationship between the effects of COVID-19 related to sociodemographic characteristics, 

demonstrating that vulnerable groups are most affected by the pandemic . We highlight that 

vaccination has had an effect on reducing lethality and mortality. Analyzing the incidence graphs of 

the regions also shows the importance of social isolation and lockdown, which kept the curves and 

peaks more attenuated. 
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