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ABSTRACT

OBJECTIVE: Flattening the curve was the most promoted public health strategy worldwide, 
during the pandemic, to slow down the spread of the SARS-CoV-2 virus, and, consequently, to 
avoid overloading the healthcare systems. In Brazil, a relative success of public policies was 
evidenced. However, the association between public policies and the “flatten the curve” objectives 
remain unclear, as well as the association of different policies to reach this aim. This study aims 
to verify if the adoption of different public policies was associated with the flattening of the 
infection and death curves by covid-19 first wave in 2020.

METHODS: Data from the Sistema de Informação da Vigilância Epidemiológica da Gripe 
(Influenza Epidemiological Surveillance Information System – SIVEP-Gripe) and the Instituto 
Brasileiro de Geografia e Estatística (Brazilian Institute of Geography and Statistics – IBGE) 
were used to compute standardized incidence and mortality rates. The Oxford Covid-19 
Government Response Tracker (OxCGRT) was used to obtain information about governmental 
responses related to the mitigation of pandemic effects, and the Human Development Index 
(HDI) was used as a measure of socioeconomic status. A non-linear least-square method was 
used to estimate parameters of the five-parameter sigmoidal curve, obtaining the time to 
reach the peak and the incremental rate of the curves. Additionally, ordinary least-square 
linear models were used to assess the correlation between the curves and the public policies 
adopted. 

RESULTS: Out of 51 municipalities, 261,326 patients had SARS-CoV-2 infection. Stringency 
Index was associated with reducing covid-19 incremental incidence and death rates,  
in addition to delaying the time to reach the peak of both pandemic curves. Considering 
both parameters, economic support policies did not affect the incidence nor the mortality 
rate curves. 

CONCLUSION: The evidence highlighted the importance and effectiveness of social 
distancing policies during the first year of the pandemic in Brazil, flattening the curves of 
mortality and incidence rates. Other policies, such as those focused on economic support, 
were not effective in flattening the curves but met humanitarian and social outcomes. 
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INTRODUCTION

The novel coronavirus (SARS-CoV-2) was identified in December 2019. The virus had a rapid 
spread1, with 15% of infections progressing to severe infections, thus requiring hospitalization. 
Additionally, 5% of cases were critical infections2, which demanded hospitalization in 
intensive care medical units (ICU) and use of mechanical ventilation. 

Due to the high demand for healthcare services, the most promoted public health worldwide 
strategy during the pandemic was to “f latten the curve.” Flattening the curve means 
slowing the spread of the epidemic so that the peak number of people requiring care at a 
time is reduced, and the time to reach this peak is delayed. Mandatory public policies were 
implemented to influence the population’s mobility pattern and contributed to increasing 
adherence to social distancing.

In Brazil—a dramatic case of failure in mitigating the consequences of the pandemic—
public policies did not have centralized coordination between levels of government, causing 
heterogeneity of time and intensity in the promotion of public policies aimed at flattening 
the curves. Barberia3, using Oxford Covid-19 Government Response Tracker (OxCGRT)4, 
verified that sub-national governments, especially state governments, played an important 
role in implementing social distancing measures to halt the spread of the virus when 
compared to the federal government. The negative effect of the federal government, headed 
by a president who minimized the disease’s consequences and disregarded the importance 
of social distancing, was also extensively documented5,6. However, evidence have shown that 
mandatory policies on social distancing increased the levels of adherence7,8, particularly 
when a more complete and rigorous set of policies was adopted9. Furthermore, the population 
adherence to social distancing was associated with a decrease in the mortality rate10,11. 
Despite the evidence on the relative success of public policies12–14, other aspects demand 
clarification, such as (i) the association of public policies with the incidence and mortality 
rate of hospitalization by SARS-CoV-2 infections; (ii) the association of public policies with 
reducing the peak incidence of people requiring care and delaying the time to reach this 
peak (“flatten the curve” goal); and, (iii) the success of different policies to reach these goals.

This study aims to verify if the adoption of different public policies, such as containment and 
closure, economic support, health services, and testing, were associated with the flattening 
of the infection and death curves by covid-19 first wave, from March to December 2020, in 
the Brazilian hospitals.

METHODS

Data

Health Data

The information on the number of SARS-CoV-2 infections, deaths, the pandemic time 
(date of first symptoms for the first recorded infection by the municipality of residence), 
sex, and age were extracted from the Sistema de Informação da Vigilância Epidemiológica 
da Gripe (Influenza Epidemiological Surveillance Information System –  SIVEP-Gripe), 
as of January 11, 2021 (downloaded from https://opendatasus.saude.gov.br/dataset/srag-
2020). Then, patients were only selected in cases with a confirmed diagnosis of covid-19 
(laboratory, clinical, clinical-epidemiological, or imaging criteria) notified from February 
20 (the first confirmed infection of covid-19 in Brazilian territory) to December 31, 2020. 
Patients with ongoing clinical evolution on December 31, 2020, were excluded. 

Public Policies

Daily data from The Oxford covid-19 Government Response Tracker (OxCGRT) on 
several different common governments’ policy responses4 were collected from 55 
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Brazilian municipalities from January 1, 2020, to December 31, 2020 (downloaded from  
https://github.com/OxCGRT/Brazil-covid-policy). Indexes that describe the overall policy 
environment that applies to residents of the city were used, including the policies set by 
either the national or state governments. Among them, the Stringency Index was used, which 
includes containment and closure policies, such as the closings of schools, universities, 
workplaces, and public transport (including intercity transport); canceling of public 
events; limiting of private gatherings; directives to “shelter-in-place” and confine at home; 
restricting of movement between cities, regions, and countries; and the promoting of public 
information campaigns. We also used the Economic Support Index, which contains income 
support and debt/contract relief policies to households. Containment and Health Index, 
that represents all policies included in the Stringency Index augmented by health policies, 
such as testing policy, contact tracing, facial coverings, vaccination policy, and protection of 
older adults. Finally, the Government Response Index, that combines the Containment and 
Health Index and the Economic Support Index. All these daily index data were aggregated 
into the corresponding time-span period for each municipality.

Adjustment Variables

To control socioeconomic discrepancies between municipalities, the Human Development 
Index (HDI) was included as a measure of socioeconomic status. The aggregate HDI, as well 
as its three dimensions, is represented by a number ranging from 0 to 1; the closer to 1, the 
greater the human development of the population. To control for environmental causes 
of airborne transmission among people, the Crowding Rate (percentage of the population 
living in a house with more than two people per room in 2010) and the Demographic Density 
Rate (number of inhabitants per km2 in 2010) were included. To control the discrepancies 
in healthcare assessment between municipalities, the ICU Hospital Beds Rate (number of 
hospital beds in ICU per million inhabitants in 2015) and the Physician Rate (number of 
physicians per thousand inhabitants in 2015) were included.

Statistical Analysis

Standardized incidence and mortality rates (per 100,000 people) were computed, calculated as 
the number of infections and the number of deaths related to covid-19 by the total population 
exposed to the risk, respectively. Rates were standardized by age using the 2010 Brazilian 
Population Pyramid (age and sex pyramid) as a reference. The standardized incidence rate 
(SIR) included three distinct time-spans to consider the exact day of infection, that is, 5, 9, or 
13 days before the date of registration at the SIVEP-Gripe/MoH. The curves were estimated 
considering epidemiological weeks as a time reference unit. To compare different curves of 
municipalities, the initial time point was aligned from the first case of SARS-CoV-2 infection/
death in each municipality. Several curves observed presented more than one peak. To 
delimitate the time-span of the curves to include the main/highest peak, the observed curve 
was detached into distinct normal distribution using model-based clustering on parameterized 
finite Gaussian mixture models15. The normal distribution with the highest peak  was selected 
and the observed curve time-span was delimited based on the amplitude of that distribution. 
Figure 1 shows the absolute and cumulative curves and the two parameters computed from 
them. The flatter the curve, the longer it takes and the slower the incremental rate until its 
peak. Both parameters were computed from the estimated cumulative curve using a non-
linear least-square method for a five-parameter sigmoidal curve adjustment16.

To assess the flattening of curves, measured by these two parameters (incremental rate and 
the time to reach the peak) in each municipality, and the public policies, multiple ordinary 
least-square linear regressions was used. The time to reach the peak and the incremental rate 
were outcomes, and Stringency Index, Government Response Index, Containment and Health 
Index, and Economic Support Index were dependent variables representing public policies. The 
models were all adjusted for HDI, Crowding Rate, Demographic Density Rate, ICU Hospital 
Beds Rate, and Physician Rate. All statistical analyses were performed in R statistical software 
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v.4.0.5, utilizing the ‘mclust’ library to separate the curve into distinct normal distribution 
and the ‘drc’ library to estimate incidence and mortality rate curve parameters.

RESULTS

Population

From the 1,136,681 records present in the severe acute respiratory syndrome database (SIVEP-
Gripe/MoH) as of January 11, 2021, we excluded 109 patients due to lacking geographic 
information (country, state, city) of record origin; 2,681 due to informed age in negative 
number; and 202 due to informed age older than 105 years. Of the remaining 1,133,689 
records, a total of 606,554 had SARS-CoV-2 infection confirmed by laboratory, clinical, 
clinical-epidemiological, or clinical imaging (lung X-ray/computed tomography) criteria 
with clinical evolution until covid-19-related death from February 20, 2020 (first confirmed 
infection of covid-19 in Brazilian territory) to December 31, 2020. Next, the number of deaths 
and the pandemic time were grouped by the municipality of residence of each registered 
patient. In total, 51 municipalities, the state capital, and the second city with the largest 
population, were included in our analysis, which means an average of two municipalities 
for each Brazilian state: Acre (Rio Branco, Cruzeiro do Sul); Alagoas (Maceió, Arapiraca); 
Amapá (Macapá); Amazonas (Manaus, Parintins); Bahia (Salvador, Feria de Santana); 
Ceará (Fortaleza, Caucaia); Distrito Federal (Brasília); Espírito Santo (Vitória, Vila Velha); 
Goiás (Goiânia, Aparecida de Goiânia);  Maranhão (São Luís, Imperatriz); Mato Grosso 
(Cuiabá, Rondonópolis); Mato Grosso do Sul (Campo Grande, Dourados); Minas Gerais 
(Belo Horizonte, Uberlândia); Pará (Belém, Ananindeua);  Paraíba (João Pessoa, Campina 
Grande); Paraná (Curitiba, Londrina); Pernambuco (Recife, Jaboatão dos Guararapes); Piauí 
(Teresina, Parnaíba); Rio de Janeiro (Rio de Janeiro, São Gonçalo); Rio Grande do Norte 
(Natal, Mossoró); Rio Grande do Sul (Porto Alegre, Caxias do Sul);  Rondônia (Porto Velho, 
Ji-Paraná); Roraima (Boa Vista); Santa Catarina (Florianópolis, Joinville); São Paulo (São 
Paulo, Guarulhos); Sergipe (Aracaju, Lagarto); Tocantins (Palmas, Araguaína). Parameters 

Note: Absolute (dark gray) and cumulative (light gray) case/death rates, and first (solid blue) and second (solid 
green) derivative curves of the latter. The incremental rate (dashed black line) indicates the growth rate during the 
“window of linearity,” which is the largest linearity region of the cumulative curve. The boundaries for this region 
are points (red and green rings) corresponding to the maximum (red circle/dashed red line) and minimum (green 
circle/dashed green line) points of the second derivate curve. The time to reach the peak of the absolute rate curve 
is the corresponding time inside the “window of linearity” where the second derivate is zero (dashed blue line), 
or, in other words, where the rate start to decline in a municipality.

Figure 1. Illustration of curves generated by hypothetical rate to estimate the parameters, time to the 
peak and incremental rate, using a 5-parameters curve model.
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of mortality rate curve could not be estimated for Rondonópolis and Parnaíba. These 
51 municipalities, accounting for 28.32% of the Brazilian population, presented 261,326 records 
of covid-19 confirmed infection. Out of them, 55.4% are men, 34.1% declared themselves as 
Mixed-raced, with median age of 61 (interquartile range: 47-74) years old, 47.9% were from 
the Southeast region, followed by 22.2% from the Northeast region, 88% were living in the 
state capital, and 87.1% were living in urban areas.

Incidence and Mortality Rate Curves and Parameter Estimation

The incidence and mortality rate curves indicated different patterns in the number 
of SARS-CoV-2 infections and covid-19-related deaths registered on SIVEP-Gripe/
MoH among the 51 municipalities. Some municipalities presented a faster growth of 
incidence rate curve, with a high peak, followed by the mortality rate curve, indicating 
a fast spread of covid-19 and a high pressure on the healthcare system. On the other 
hand, some municipalities presented a slower incremental growth of incidence rate 
curve, with delayed time to reach the peak of both incidence and mortality rate curves, 
suggesting better control of SARS-CoV-2 infections with consequent lower mortality 
rates. Moreover, some municipalities presented more than one peak of infections and 
deaths, characterizing two different incremental rates of covid-19 curves, possibly related 
to the reopening process of each municipality. Figure 2 displays representative patterns 
(3 out of 51 municipalities) of estimated incidence and mortality rate curves (absolute 
and cumulative), Manaus (high incidence and mortality rates and fastened growth), 
Campo Grande (flatten curves, with two incremental rates well-characterized), and 
Florianópolis (very flatten incidence and mortality curves, with higher time to reach 
the peak of the curves, and two incremental rates well-characterized). These different 

Note: Blue, red, and green lines correspond to Manaus, Campo Grande, and Florianópolis, respectively. 

Figure 2. Absolute and cumulate curves of incidence and mortality rates in three municipalities by epidemiological week. Brazil, 2020.
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patterns of cumulative incidence and mortality rates clearly illustrate the heterogenicity 
of the Brazilian covid-19 scenario in 2020. We highlight that even more diverse patterns 
could be observed if the data included municipalities with lower population density 
since they represent different realities in terms of healthcare resources and mobility 
rates when compared to the most densely populated cities of Brazil.

The delimitation of the time-span curve to these same municipalities (i.e., Manaus, Campo 
Grande, and Florianópolis) is displayed in Figure 3 (A, B, and C). The first boundary corresponds 
to the first week of infection notification and the last one to the end of the highest peak of 
the curve. Figure 3 (D, E, and F) presents the cumulative incidence curves observed and 
estimated by the model for these same municipalities. The “window of linearity” of the curves 
is represented by the vertical lines, and the incremental rate of each curve was estimated 
by the angle formed by the inclined line and the x-axis. The time-span and incremental rate 
were determined for all the 51 municipalities evaluated.

Effect of Public Policies on Incidence and Mortality Rate Curves Parameters

Table 1 presents a descriptive analysis of adjustment variables, such as socioeconomic 
status indexes, environmental causes of airborne transmission, healthcare assessment, 
and interventions adopted, i.e., public policies indexes, by the lowest (1st quartile) and 
highest (4th quartile) incidence (SIR) and mortality rate (SMR) of hospitalization by covid-19  
curves for both incremental rate and time to reach the peak. These results highlight the 
distributions of these adjustment and intervention variables in the municipalities with low 
and high incremental growth rates and time to reach the peak of incidence and mortality 
rate of hospitalization due to covid-19. The municipalities with lower incremental rates 
of incidence and mortality presented higher socioeconomic statuses, i.e., HDI indexes, 
lower Crowding Rates, higher Stringencies, Government Responses, Containment and 
Health indexes, and higher ICU Hospital Beds and Physician Rates. Higher Economic 
Support Indexes were observed among the municipalities with a lower incremental rate 
of the mortality curves, but not with a lower incremental rate of the incidence curve.

Note: the first boundary corresponds to the First Week of Infection Case Notification and the last indicates the End of the Highest Peak of the Curve. 
Estimated (dotted line) and Observed (solid line) Cumulate Incidence Curve for Manaus [D], Florianópolis [E], and Campo Grande [F] in the region 
circumscribed in A, B, and C, respectively. The two vertical lines delimitate the “window of linearity,” and the inclined line is made of the region’s first and 
last incidence rate of the estimated curve. The tangent of the angle formed by the inclined line and the x-axis represents the slope.

Figure 3. Observed incidence rate and the delimitation of time-span curve in three municipalities: Manaus (A), Florianópolis (B), and Campo 
Grande (C). Brazil, 2020.
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In the second part of Table 1, which refers to the time to reach the peak of incidence and 
mortality rate curves, we observed that 25% of municipalities with the lowest time to 
reach the peak presented, in general, lower socioeconomic statuses, Stringency Indexes, 
Government Response Indexes, Containment and Health Indexes, ICU Hospital Beds and 
Physician Rates, and finally, higher Crowding Rates.

The robustness analysis for the incidence rate was evaluated as a function of the uncertainty 
of the day of infection in relation to the day of the registration of the first symptoms of 
infection in SIVEP-Gripe/MoH (data not shown). 

Table 2 presents the correlations between interventions, i.e., public policies, and 
incremental rate and time to reach the peak outcomes for the incidence and mortality 
rate of hospitalization by covid-19 curves, evaluated by multiple linear regression 
models. Considering the incidence curves, we observed a negative correlation between 
the Stringency Index and the incremental rate (p-value = 0.01). It means that orders to 
stay at home and restrictions on movement between cities, states, and countries were 
correlated with lower growth rates of covid-19 infections, but not with lower growth 
rates of covid-19-related deaths. The other public policies evaluated, i.e., Government 
Response Index, Containment and Health Index, and Economic Support Index, were 

Table 1. Descriptive analysis of Brazilian municipalities by low (1st quartile) and high (4th quartile) SIR 
and SMR. Brazil, 2020.

Variables
SIRa SMRb

Low incidence 
Mean

High incidence 
Mean

Low mortality 
Mean

High mortality 
Mean

Slope

HDI 0.77 0.75 0.78 0.74

HDI Education 0.7 0.69 0.71 0.68

HDI Health 0.84 0.82 0.85 0.82

HDI Income 0.78 0.75 0.79 0.72

Demographic Density Rate 295.23 298.17 377.86 244.48

Crowding Rate 20.13 34.9 19.92 39.97

ICU Hospital Beds Rate 2.97 2.77 2.84 2.37

Physician Rate 2.74 2.03 3.05 1.66

Stringency Index 62.2 54.5 67.56 66.1

Economic Support Index 4.82 10.61 8.59 8.1

Containment and Health Indexc 41.02 36.14 47.88 43.3

Government Response Indexd 36.45 32.95 42.9 38.9

Time

HDI 0.74 0.79 0.72 0.79

HDI Education 0.67 0.72 0.66 0.72

HDI Health 0.82 0.85 0.81 0.85

HDI Income 0.73 0.81 0.71 0.81

Demographic Density Rate 344.32 275.64 296.02 263.18

Crowding Rate 38.95 18.28 39.69 18.1

ICU Hospital Beds Rate 2.71 2.94 2.57 2.78

Physician Rate 1.82 3.27 1.66 3.02

Stringency Index 54.26 62.4 65.99 65.51

Economic Support Index 1.48 10.71 3.18 14.11

Containment and Health Indexc 35.15 43.38 42.48 47.59

Government Response Indexd 30.92 39.3 37.54 43.4
a SIR: standardized incidence rate of hospitalization by covid-19 curves, estimated considering the day of 
infection as 9 days before the date of registration at the SIVEP system. b SMR: standardized mortality rate of 
hospitalization by covid-19 curves. c Stringency Index augmented by health policies. d Containment and Health 
Index plus Economic Support Index.
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not correlated with the incremental rate for neither incidence nor mortality rate curves.  
In terms of the outcome time to reach the peak of incidence curves, we identified a 
positive correlation with all public policies (p-values < 0.01), except for the Economic 
Support Index. The same results were observed for the mortality rate curves, which means 
that restricting people’s behavior with containment and closure policies was associated 
with a delay in achieving the peak of incidence and mortality rate of hospitalization by  
covid-19 curves. Controversially, increases in economic support were not correlated 
with the incremental rate of neither incidence nor mortality rate curves but presented a 
tendency of negative correlation with the time to reach the peak of the incidence curves 
(p-value = 0.06).

DISCUSSION

We investigated whether the adoption of different public policies was associated with  
the flattening of the covid-19-related incidence and mortality rate curves of hospitalization 
in Brazil. 

Our evidence brings novelties and confirms results already reported. The novelty is the 
ineffectiveness of economic support policy in terms of “flatten the curve” strategy. Although 
fundamental for humanitarian, social, and economic reasons, the economic support 
policies seem to not have contributed to the population’s social distancing adherence since 
it did not affect the incidence and mortality rate of hospitalizations by covid-19 curves. 
Part of this unexpected result may derive from the delay in the implementation of these 
programs in Brazil, as well as their short duration17. Additionally, as the coefficient of the 
Containment and Health Index is, in general, higher than the Stringency Index, we can 
infer that health policies were associated with reducing the covid-19 incremental rate 
of incidence and deaths since the former included testing policy, facial coverings, and 
protection of older adults. On the other hand, our results concerning the social distancing 
policies (i.e., the Stringency Index) confirmed previous studies3,9. Using the perspective of 
the “flatten the curve” strategy, the Stringency Index was very effective to delay the time 
to reach the peaks of incidence and mortality rates of hospitalization by covid-19 curves, 
and reduce the incremental rate of incidence curves. On the other hand, the absence of 
impact of the Stringency Index on the incremental rate of mortality curves suggests that 
additional factors, including healthcare assessment and the population’s health condition, 

Table 2. Adjusted linear models to estimate association between covid-19 SIR and SMR and public 
policies in Brazilian municipalities. Brazil, 2020.

Variables 
SIRa

p-value
SMRb

p-value
Ab (95%CI) Ab (95%CI) p-value

Slope

Stringency Index -1.17 (-2.02 to -0.31) 0.01 -0.16 (-0.59 to 0.26) 0.44

Economic Support Index 0.64 (-0.19 to 1.47) 0.13 0.18 (-0.16 to 0.52) 0.3

Containment and Health Indexc -0.8 (-1.8 to 0.21) 0.12 -0.15 (-0.56 to 0.26) 0.46

Government Response Indexd -0.72 (-1.88 to 0.44) 0.22 -0.12 (-0.59 to 0.36) 0.62

Time

Stringency Index 0.35 (0.12 to 0.57) < 0.01 0.21 (0.03 to 0.4) 0.02

Economic Support Index -0.21 (-0.42 to 0.01) 0.06 -0.07 (-0.24 to 0.09) 0.35

Containment and Health Indexc 0.45 (0.21 to 0.69) < 0.01 0.27 (0.11 to 0.44) < 0.01

Government Response Indexd 0.46 (0.18 to 0.75) < 0.01 0.3 (0.1 to 0.5) < 0.01

Ab: adjusted beta; 95%CI: 95% confidence interval.
Note: bold type indicates statistical significance.
a SIR: standardized incidence rate of hospitalization by covid-19 curves, estimated considering the day of 
infection as 9 days before the date of registration at the SIVEP system. b SMR: standardized mortality rate of 
hospitalization by covid-19 curves. c Stringency Index augmented by health policies. d Containment and Health 
Index plus Economic Support Index.
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could be more important in terms of mortality compared to social distancing policies. 
Indeed, in terms of the mortality rate of hospitalization by covid-19, we observed higher 
incremental rates and slower times to reach the peak curves among municipalities 
with higher Crowding Rates and lower Physician Rates and ICU Hospital Beds Rates, 
which are indicators of social inequalities and limited access to healthcare resources. 
Precarious housing, or crowding households, was already reported as an important factor 
associated with SARS-CoV-2 transmission18,19 and it is characteristic of socioeconomically 
less privileged populations, which were more affected by the severity of the disease1,20,21.

Among the limitations of this study, the first is that an ecological study is not the most 
appropriate design to verify the impact of public policies on the population since the 
aggregation of data may result in the loss or concealment of certain socioeconomic aspects 
that could be relevant to evaluating the actual impact. Furthermore, this study did not allow 
us to analyze causal-type relationships between public policies and the flattering of the 
covid-19 incidence and mortality rate curves; it only estimated the possible effects based on 
the correlation, even if controlled for possible confounding factors. In addition, an overlap 
was observed between the OxCGRT public policy indices by design. Another limitation, 
not from the study per se, but from the registry of SARS-CoV-2 infections in Brazil, was 
the low testing throughout 2020, especially at the beginning of the pandemic, which may 
have underestimated covid-19 related incidence and, even, mortality rates. Moreover, the 
selected municipalities do not represent the entire Brazilian reality since we only evaluated 
capitals and greater municipalities, excluding municipalities with low population density. 
In addition, we disregarded the municipalities of Rorainópolis and Santarém due to lacking 
information on the parameters of the curves and public policies. Finally, we were limited 
by the absence of population census information more recent than 2010, which forced us 
to use outdated measures of socioeconomic (HDI index) information, among others. 

Our research evaluated which public policies were associated with the flattening of the 
covid-19 curves of hospitalization in Brazil. Our results indicated that the stringency of 
containment and closure policies decreased the incremental rate of the incidence curve, 
and health policies (the Stringency Index, the Containment and Health Index, and the 
Government Response Index) delayed the time to reach the peak of incidence and mortality 
rate curves. More research should be conducted to address the causality effects of specific 
policies on the incidence and mortality rate of hospitalization by covid-19 infections. 

REFERENCES

1. Silva J, Ribeiro-Alves M. Social inequalities and the pandemic of COVID-19: the 
case of Rio de Janeiro. J Epidemiol Community Health. 2021 Oct;75(10):975-9. 
https://doi.org/10.1136/jech-2020-214724  

2. World Health Organization. Coronavirus disease 2019 (Covid-19): situation report 46. Geneva: 
World Health Organization; 2020 [cited 2022 May 10]. Available from: https://www.who.int/
docs/default-source/coronaviruse/situation-reports/20200306-sitrep-46-covid-19.pdf

3. Barberia L, coord. R Covid-19: políticas públicas e as respostas da sociedade: informação de 
qualidade para aperfeiçoar as políticas públicas e salvar vidas. abr. 2020 [cited 2020 Mar 20]. 
Available from: https://redepesquisasolidaria.org/nao-categorizado/falta-de-coordenacao-entre-
o-governo-federal-e-estados-enfraquece-a-politica-de-distanciamento-social-a-flexibilizacao-
sem-criterios-pode-agravar-a-pandemia/

4. University of Oxford. Blavatnik School of Government. Covid-19 Government Response Tracker: 
research project.  Oxford: University of Oxfore; 2020 [cited 2020 Mar 20]. Available from: 
https://www.bsg.ox.ac.uk/research/research-projects/covid-19-government-response-tracker

5. Cabral S, Ito N, Pongeluppe L. The disastrous effects of leaders in denial: evidence 
from the COVID-19 crisis in Brazil. Decis-Mak Public Policy Soc Good eJournal. 2021. 
https://doi.org/10.2139/ssrn.3836147

6. Calvo E, Ventura T. Will I get COVID-19? Partisanship, social media frames, and perceptions of 
health risk in Brazil. Lat Am Polit Soc. 2021;63(1):1-26. https://doi.org/10.1017/lap.2020.30



10

Public policies during the COVID-19 in Brazil Cattani VB et al.

https://doi.org/10.11606/s1518-8787.2023057005030

7. Moraes RF. Covid-19 e medidas legais de distanciamento social: descentralização das políticas, 
relação com o número de óbitos e análise do período de 27 de abril a 10 de maio de 2020. 
Brasília, DF: Instituto de Pesquisa e Economia Aplicada, 2020 [cited 2020 June 20].   
(Nota Técnica, nº 10). Available from: https://www.ipea.gov.br/portal/images/stories/PDFs/nota_
tecnica/200513_nt_dinte_n19_covid_19.pdf

8. Jorge DC, Rodrigues MS, Silva MS, Cardim LL, Silva NB, Silveira IH, et al. Assessing the 
nationwide impact of COVID-19 mitigation policies on the transmission rate of SARS-CoV-2 in 
Brazil. Epidemics. 2021 Jun;35:100465. https://doi.org/10.1016/j.epidem.2021.100465

9. Barberia LG, Cantarelli LG, Oliveira ML, Moreira ND, Rosa IS. The effect of state-level  
social distancing policy stringency on mobility in the states of Brazil. Rev Adm Pública. 
2021;55(1):27-49. https://doi.org/10.1590/0034-761220200549

10. Rocha R, Atun R, Massuda A, Rache B, Spinola P, Nunes L, et al. Effect of socioeconomic 
inequalities and vulnerabilities on health-system preparedness and response to COVID-19 
in Brazil: a comprehensive analysis. Lancet Glob Health. 2021 Jun;9(6):e782-92. 
https://doi.org/10.1016/S2214-109X(21)00081-4  

11. Razafindrakoto M, Roubaud F, Saboia J, Castilho MR, Pero V. Municípios in the time of Covid-19 
in Brazil: socioeconomic vulnerabilities, transmission factors and public policies. Eur J Dev Res. 
2022;34(6):2730-58. https://doi.org/10.1057/s41287-021-00487-w  

12. Ferreira CP, Marcondes D, Melo MP, Oliva SM, Peixoto CM, Peixoto PS. A snapshot of a 
pandemic: the interplay between social isolation and COVID-19 dynamics in Brazil. Patterns  
(N Y). 2021 Oct;2(10):100349. https://doi.org/10.1016/j.patter.2021.100349  

13. Zhu J, Yan W, Zhu L, Liu J. COVID-19 pandemic in BRICS countries and its association with 
socio-economic and demographic characteristics, health vulnerability, resources, and policy 
response. Infect Dis Poverty. 2021 Jul;10(1):97. https://doi.org/10.1186/s40249-021-00881-w

14. Valiati NC, Villela DA. Modelling policy combinations of vaccination and transmission 
suppression of SARS-CoV-2 in Rio de Janeiro, Brazil. Infect Dis Model. 2022 Mar;7(1):231-42. 
https://doi.org/10.1016/j.idm.2021.12.007

15. Fraley C, Raftery AE, Murphy TB, Scrucca L. mclust Version 4 for R: Normal mixture modeling for 
model-based clustering, classification, and density estimation. Seattle: Department of Statistics, 
University of Washington; 2012 [cited year Month day]. (Technical Report nº 597). Available 
from: https://stat.uw.edu/sites/default/files/files/reports/2012/tr597.pdf

16. Spiess AN, Feig C, Ritz C. Highly accurate sigmoidal fitting of real-time PCR data 
by introducing a parameter for asymmetry. BMC Bioinformatics. 2008 Apr;9(1):221. 
https://doi.org/10.1186/1471-2105-9-221

17. Vilela PR. Governo prorroga auxílio emergencial por mais três meses. Agência Brasil.  
2021 Jul 5 [cited 2022 Oct 17]. Available from: https://agenciabrasil.ebc.com.br/politica/
noticia/2021-07/governo-prorroga-auxilio-emergencial-por-mais-tres-meses

18. Hallal PC, Hartwig FP, Horta BL, Silveira MF, Struchiner CJ, Vidaletti LP, et al.  
SARS-CoV-2 antibody prevalence in Brazil: results from two successive nationwide 
serological household surveys. Lancet Glob Health. 2020 Nov;8(11):e1390-8. 
https://doi.org/10.1016/S2214-109X(20)30387-9

19. Villela DA. Household crowding hampers mitigating the transmission of SARS-CoV-2. Rev Soc 
Bras Med Trop. 2021 Feb;54:e08212020. https://doi.org/10.1590/0037-8682-0821-2020

20. Cardoso EH, Silva MS, Felix Junior FEA, Carvalho SV, Carvalho AC, Vijaykumar N, et al. 
Characterizing the impact of social inequality on COVID-19 propagation in developing 
countries. IEEE Access. 2020 Sep;8:172563-80. https://doi.org/10.1109/ACCESS.2020.3024910

21. Wachtler B, Michalski N, Nowossadeck E, Diercke M, Wahrendorf M, Santos-Hövener C, et al. 
Socioeconomic inequalities and COVID-19: a review of the current international literature.  
J Health Monit. 2020;5 Sup 7:3-17. https://doi.org/10.25646/7059

Funding: Inova-Fiocruz Program [Grants: VPPCB-005-FIO-20-2-45 and VPPCB-005-FIO-20-2-61, 2020].

Authors’ Contribution: Study design and planning: VBC, TAS, MRA, JCA. Data collection, analysis, and 
interpretation: VBC, TAS, MRA, JCA Manuscript drafting or review: VBC, TAS, MRA, JCA. Approval of the final 
version: VBC, TAS, MRA, JCA. Public responsibility for the content of the article: VBC, TAS, MRA, JCA. 

Conflict of Interest: The authors declare no conflict of interest.


