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Abstract
This dissertation presents an in-depth analysis of the institutional context and dynamics surrounding the emergence of SARS-
CoV-2, the virus responsible for the COVID-19 pandemic. Focusing on the case of Brazil, the study employs a multi-disciplinary 
approach that integrates mathematical economics, epidemiology, and public health policy analysis. Key aspects include 
examining the initial outbreak in Wuhan, the virus's rapid global spread, and the specific impacts and responses in Brazil. The 
research employs mathematical models to understand the dynamics of virus transmission, the effectiveness of various public 
health interventions, and the socio-economic consequences of the pandemic. Special attention is given to Brazil's vaccination 
campaigns and their role in pandemic control. The findings offer valuable insights into the complexities of managing a public 
health crisis in a socio-economically diverse country like Brazil and underscore the importance of timely and coordinated 
responses to global health emergencies.  
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1. Introduction 
The novel SARS-CoV-2 virus, responsible for the COVID-19 
pandemic, is believed to have originated in the northeastern 
Chinese city of Wuhan. Despite its significant population of 
nearly 11 million, Wuhan was relatively unknown to many in the 
Western world until the pandemic’s onset (Ajzenman et al., 2022). 
Initially, the Chinese government attributed the virus’s emergence 
to zoonotic transmission events involving horseshoe bats (genus 
Rhinolophus), facilitated by a trans-zoonotic mutation (WHO, 
2020). 

This transmission was presumably exacerbated by the unsanitary 
conditions of the Huanan Seafood Wholesale Market, a local 
wet market notorious for selling a variety of live animals for 
consumption (WHO, 2020). However, the legitimacy of this 
explanation has come under scrutiny due to the subsequent 
censorship of information and punitive measures taken against 
health professionals treating the first cases, many of whom later 
succumbed to the virus (Brazilian Medical Association, 2022). 
 
Adding to the skepticism are concerns raised about the proximity 
of a significant virology laboratory in Wuhan, which conducted 
research on coronaviruses, to the initially reported infection site. 

The virus’s unusual transmissibility and virulence, along with the 
presence of certain RNA sequences uncommon in wild strains, 
have fueled further speculation (Ministry of Health, Brazil, 2021). 

The pandemic’s rapid spread and ensuing global crisis were 
anticipated by health authorities as early as December 2019. 
However, adequate containment measures were not promptly 
enacted by either the Chinese government or the World Health 
Organization (WHO), which has been partially funded by China 
(WHO, 2020). This delay in response played a crucial role in the 
virus’s global dissemination. 

Internationally, responses to the pandemic varied greatly. In an 
era defined by significant global movement of people and goods, 
especially from China, the virus spread rapidly, initially causing 
severe impacts in Southern Europe, particularly in Italy and Spain, 
before spreading to other regions [26]. Italy’s health system, for 
instance, was overwhelmed by the influx of patients, drawing 
parallels to the Black Death in its northern regions [11]. 

In stark contrast, countries like New Zealand, Australia, and 
several Asian nations, including Thailand, Vietnam, Singapore, 
and Japan, quickly implemented strict containment measures. 
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These strategies proved largely effective, suggesting that early 
intervention in the initial stages of an outbreak could be crucial 
(WHO, 2020). The criticality of such non-deterministic moments 
in an epidemic’s progression can be better understood through 
stochastic methodologies [3]. 

In Brazil, the first confirmed COVID-19 case was reported on 
February 26, 2020, in a patient returning from Italy. Despite this 
early warning, the Brazilian government initially downplayed the 
severity of the outbreak, allowing the virus to spread unchecked. 
This response occurred in spite of the robust infrastructure of 
Brazil’s Unified Health System (Sistema Único de Saúde SUS) 
(Brazilian Medical Association, 2022). 

Brazil experienced three major waves of COVID-19, each with 
distinct characteristics and challenges. The first wave primarily 
affected the elderly and those with comorbidities, particularly 
those reliant on public healthcare facilities. The second wave was 
more severe, placing immense strain on the country’s healthcare 
system and resulting in higher mortality rates, a pattern often seen 
in epidemics. The vaccination program, which began in January 
2020, faced initial delays and inefficiencies, impacting the response 
to these waves (Ministry of Health, Brazil, 2021). 

The study of these waves, particularly the third wave marked by 
the emergence of the Omicron variant, offers valuable insights into 
the pandemic’s evolution. Omicron, while more transmissible, 
tended to produce milder symptoms, signifying a shift in the 
pandemic’s trajectory. This evolution underscores the importance 
of understanding the dynamics of virus spread and mutation [1, 5]. 

2. Methodology 
The methodology of this study integrates a multi-disciplinary 
approach, combining elements from epidemiology, mathematical 
biology, and public health policy analysis. To understand the 
dynamics of the COVID-19 pandemic, particularly in Brazil, a 
model was developed based on stochastic processes [4]. This model 
considered various factors, including infection rates, transmission 
dynamics, and the impact of public health interventions. 

The model was calibrated using data from the initial outbreak in 
Wuhan, China, extending to its global spread, with a specific focus 
on the three major waves of infection in Brazil. This calibration 
was essential to accurately represent the epidemiological 
characteristics of COVID-19 and predict its progression under 
different scenarios [16]. 
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FIGURE 1: 
 

The figure presented appears to be a simplified representation of the SIR (Susceptible- 
Infected-Recovered) model, which is commonly used in epidemiology to simulate the 
spread of infectious diseases. The compartments ’susceptible’, ’infected’, and ’recov- 
ered’ represent the different stages an individual can be in with respect to the disease in 
question. 

In the SIR model, the population is divided into three compartments: 
• Susceptible (S): Individuals who are not infected with the disease but are at risk of 

becoming infected. 
• Infected (I): Individuals who are currently infected with the disease and are capable 

of spreading the infection to those in the susceptible category. 
• Recovered (R): Individuals who have recovered from the disease and are no longer 

susceptible to infection. In some models, recovered individuals may also be considered 
immune. 

The arrows indicate the direction of the transitions between compartments. The rate 
at which individuals move from susceptible to infected is represented by dSdI, which 
typically depends on the contact rate between susceptible and infected individuals and the 
probability of transmission per contact. The rate at which individuals move from infected 
to recovered is represented by dIdR, which is dependent on the recovery rate or the rate at 
which infected individuals cease to be infectious, either due to recovery or death. 

Figure 1: 

The figure presented appears to be a simplified representation of the 
SIR (Susceptible Infected Recovered) model, which is commonly 
used in epidemiology to simulate the spread of infectious diseases. 
The compartments ’susceptible’, ’infected’, and ’recovered’ 
represent the different stages an individual can be in with respect 
to the disease in question. 
In the SIR model, the population is divided into three compartments: 
• Susceptible (S): Individuals who are not infected with the disease 
but are at risk of becoming infected. 
• Infected (I): Individuals who are currently infected with the 
disease and are capable of spreading the infection to those in the 
susceptible category. 
• Recovered (R): Individuals who have recovered from the 
disease and are no longer susceptible to infection. In some models, 
recovered individuals may also be considered immune. 

The arrows indicate the direction of the transitions between 

compartments. The rate at which individuals move from 
susceptible to infected is represented by dSdI, which typically 
depends on the contact rate between susceptible and infected 
individuals and the probability of transmission per contact. The 
rate at which individuals move from infected to recovered is 
represented by dIdR, which is dependent on the recovery rate or 
the rate at which infected individuals cease to be infectious, either 
due to recovery or death. The model also allows for recovered 
individuals to become susceptible again, as indicated by dRdS, 
which can represent waning immunity over time. 

The SIR model is a fundamental tool in understanding 
epidemiological dynamics and can be used to estimate the 
reproduction number 0R0, predict the course of an outbreak, and 
evaluate the impact of interventions such as vaccination or social 
distancing measures. 
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The model also allows for recovered individuals to become susceptible again, as indi- 
cated by dRdS, which can represent waning immunity over time. 

The SIR model is a fundamental tool in understanding epidemiological dynamics and 
can be used to estimate the reproduction number 0R0, predict the course of an outbreak, 
and evaluate the impact of interventions such as vaccination or social distancing measures. 

Equations for the first graphic: 

dS/dt = −β ∗ (S ∗ I)/N 
dI/dt = β ∗ (I ∗ S)/N − γ∗I 

dR/dt = γ ∗ I 
 
 

FIGURE 2: 
 

The graphic depicted in the image is a representation of an SIR (Susceptible-Infected- 
Recovered) model over time. This model is commonly used in epidemiology to predict the 
behavior of infectious diseases within a given population. Here’s an analysis in English: 

Figure 1. Proportion of Susceptible, Infected, and Recovered Individuals Over Time. 
This figure illustrates the simulated trajectories of a population divided into three epi- 
demiological compartments over time, measured in days. The red curve (S) represents 

the proportion of susceptible individuals, which initially is near 1, indicating that almost 
the entire population is susceptible to the infection. The green curve (I) indicates the 

proportion of infected individuals, which quickly rises to a peak before declining, likely 
due to the recovery or isolation of infected individuals. The blue curve (R) represents 

Equations for the first graphic: 

 Figure 2: 
The graphic depicted in the image is a representation of an SIR 
(Susceptible-Infected Recovered) model over time. This model 
is commonly used in epidemiology to predict the behavior of 
infectious diseases within a given population. Here’s an analysis 
in English: Figure 1. Proportion of Susceptible, Infected, and 
Recovered Individuals Over Time. 

This figure illustrates the simulated trajectories of a population 
divided into three epidemiological compartments over time, 
measured in days. The red curve (S) represents the proportion of 
susceptible individuals, which initially is near 1, indicating that 
almost the entire population is susceptible to the infection. The 
green curve (I) indicates the proportion of infected individuals, 
which quickly rises to a peak before declining, likely due to the 
recovery or isolation of infected individuals. The blue curve (R) 
represents the proportion of recovered individuals, which increases 
as more people recover from the infection. The intersection points 
of the infected curve with the other two curves suggest critical 
moments in the disease’s spread, typically corresponding to the 
peak and eventual decline of the epidemic. 

The transition rates between states are influenced by factors such 

as the rate of contact between individuals, the probability of 
disease transmission, and the duration of infectiousness. Models 
like the one shown are crucial for understanding the dynamics of 
infectious diseases and informing public health strategies, such as 
vaccination programs and social distancing measures. 

When referencing this figure in the body of the academic text, it 
should be cited appropriately, for example, "As shown in Figure 1, 
the SIR model illustrates the dynamic changes in the proportions 
of susceptible, infected, and recovered individuals over the course 
of the epidemic." 

For the analysis of public health policies and their impact, a 
comprehensive review of governmental and healthcare responses 
to the pandemic was conducted. This included an assessment of the 
timing and effectiveness of lockdown measures, social distancing 
guidelines, and the deployment of the vaccination program. The 
Brazilian Medical Association’s (2022) findings on healthcare 
infrastructure challenges during the pandemic provided crucial 
insights into the systemic issues faced by Brazil’s health system. 

The study also employed modern epidemiological techniques to 
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analyze infection and mortality data. These techniques facilitated 
a deeper understanding of the virus’s spread, particularly in 
densely populated urban areas [19]. Additionally, the role of 
social and economic factors in influencing the pandemic’s impact 
was examined, drawing on the comprehensive demographic data 
available from (author?) [9]. 

Lastly, the evolutionary dynamics of the SARS-CoV-2 virus, 
including mutation rates and the emergence of new variants, were 
explored. This aspect was crucial in understanding the third wave 
of the pandemic, dominated by the Omicron variant. Research on 
evolutionary dynamics in spatially structured populations provided 
a theoretical framework for this analysis [23]. Data and Sample 
 
Equations with Vaccination Compartment

The study utilized a dynamic model to analyze the progression of 
the COVID-19 pandemic in Brazil, drawing data from authoritative 
sources like the Brazilian Ministry of Health (saude.gov.br) 
and Worldometer [4]. The data analysis covered three distinct 
pandemic phases: from February to August 2020, from November 
2020 to May 2021, and from November 2021 to February 2022. 
The latter phase was significant as around 70% of the Brazilian 
population had received various vaccines by then. 

The provided image is a bar graph titled "Óbitos Novos x 
Dia Epidemiológico," which translates to "New Deaths per 
Epidemiological Day." It appears to show the daily number of new 
deaths attributed to COVID-19 over a sequential range of days 
labeled as "Dia Epidemiológico." 

In accordance with ABNT (Associação Brasileira de Normas 
Técnicas) guidelines, an analysis of the graph would proceed as 
follows: 

5 
 

the proportion of recovered individuals, which increases as more people recover from the 
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critical moments in the disease’s spread, typically corresponding to the peak and eventual 
decline of the epidemic. 

The transition rates between states are influenced by factors such as the rate of con- 
tact between individuals, the probability of disease transmission, and the duration of in- 
fectiousness. Models like the one shown are crucial for understanding the dynamics of 
infectious diseases and informing public health strategies, such as vaccination programs 
and social distancing measures. 

When referencing this figure in the body of the academic text, it should be cited ap- 
propriately, for example, "As shown in Figure 1, the SIR model illustrates the dynamic 
changes in the proportions of susceptible, infected, and recovered individuals over the 
course of the epidemic." 

For the analysis of public health policies and their impact, a comprehensive review 
of governmental and healthcare responses to the pandemic was conducted. This included 
an assessment of the timing and effectiveness of lockdown measures, social distancing 
guidelines, and the deployment of the vaccination program. The Brazilian Medical As- 
sociation’s (2022) findings on healthcare infrastructure challenges during the pandemic 
provided crucial insights into the systemic issues faced by Brazil’s health system. 

The study also employed modern epidemiological techniques to analyze infection and 
mortality data. These techniques facilitated a deeper understanding of the virus’s spread, 
particularly in densely populated urban areas [19]. Additionally, the role of social and 
economic factors in influencing the pandemic’s impact was examined, drawing on the 
comprehensive demographic data available from (author?) [9]. 

Lastly, the evolutionary dynamics of the SARS-CoV-2 virus, including mutation rates 
and the emergence of new variants, were explored. This aspect was crucial in under- 
standing the third wave of the pandemic, dominated by the Omicron variant. Research on 
evolutionary dynamics in spatially structured populations provided a theoretical frame- 
work for this analysis [23]. 

Data and Sample 
 

Equations with Vaccination Compartment
 

V ac 
dS/dt = −β ∗ (S ∗ I)/N − v ∗ S 
dI/dt = β ∗ (I ∗ S)/N − V ∗I 

dR/dt = V ∗I + v ∗ S 

The study utilized a dynamic model to analyze the progression of the COVID-19 pan- 
demic in Brazil, drawing data from authoritative sources like the Brazilian Ministry of 
Health (saude.gov.br) and Worldometer [4]. The data analysis covered three distinct pan- 
demic phases: from February to August 2020, from November 2020 to May 2021, and 
from November 2021 to February 2022. The latter phase was significant as around 70% 
of the Brazilian population had received various vaccines by then. 

The provided image is a bar graph titled "Óbitos Novos x Dia Epidemiológico," which 
translates to "New Deaths per Epidemiological Day." It appears to show the daily number 
of new deaths attributed to COVID-19 over a sequential range of days labeled as "Dia 
Epidemiológico." 
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In accordance with ABNT (Associação Brasileira de Normas Técnicas) guidelines, an 
analysis of the graph would proceed as follows: 

 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 3: nalysis: 

Title: New Deaths per Epidemiological Day 
Description: The graph presents the daily number of new COVID-19 related deaths 

over an epidemiological timeline. The horizontal axis, labeled "Dia Epidemiológico," 
represents the days of the epidemic in a sequential order, while the vertical axis shows the 
number of new deaths reported each day. 

Analysis: The data illustrates a clear peak in the number of deaths, suggesting a 
critical period during the epidemic when the death toll was at its highest.  The sharp  
rise and gradual fall of the curve indicate the progression and eventual decline of the 
pandemic’s deadliest phase. The periodic fluctuations seen in the graph may correspond 
to reporting delays or patterns in data collection, common in real-world epidemiological 
tracking. The tailing off of the curve indicates a decrease in daily deaths, which could  
be attributed to successful public health interventions, such as vaccination campaigns or 
social distancing measures. 

This graph is essential for understanding the temporal dynamics of the pandemic, as 
it helps identify periods of increased mortality that may require further investigation to 
understand causative factors, such as new variants, changes in public health policies, or 
healthcare system capacity. 

Commentary: The graph serves as a stark visual representation of the pandemic’s 
impact on public health and underscores the importance of timely and effective response 
measures to manage the spread of infectious diseases. 

When incorporating this figure into an academic document, it would be referenced in 
the text as: 

"As depicted in the bar graph (Figure X), the daily number of new COVID-19 related 
deaths reached its apex on the Y-th epidemiological day, highlighting the urgency of the 
public health crisis at that time (Author, Year)." 

Figure 3: 

Title: New Deaths per Epidemiological Day 
Description: The graph presents the daily number of new 
COVID-19 related deaths over an epidemiological timeline. The 
horizontal axis, labeled "Dia Epidemiológico," represents the days 
of the epidemic in a sequential order, while the vertical axis shows 
the number of new deaths reported each day. 
Analysis: The data illustrates a clear peak in the number of 
deaths, suggesting a critical period during the epidemic when 
the death toll was at its highest. The sharp rise and gradual fall 
of the curve indicate the progression and eventual decline of the 
pandemic’s deadliest phase. The periodic fluctuations seen in 
the graph may correspond to reporting delays or patterns in data 
collection, common in real-world epidemiological tracking. The 
tailing off of the curve indicates a decrease in daily deaths, which 
could be attributed to successful public health interventions, such 
as vaccination campaigns or social distancing measures. This 
graph is essential for understanding the temporal dynamics of 
the pandemic, as it helps identify periods of increased mortality 

that may require further investigation to understand causative 
factors, such as new variants, changes in public health policies, or 
healthcare system capacity. 

Commentary: The graph serves as a stark visual representation 
of the pandemic’s impact on public health and underscores the 
importance of timely and effective response measures to manage 
the spread of infectious diseases. When incorporating this figure 
into an academic document, it would be referenced in the text 
as: "As depicted in the bar graph (Figure X), the daily number 
of new COVID-19 related deaths reached its apex on the Y-th 
epidemiological day, highlighting the urgency of the public health 
crisis at that time (Author, Year)." 

Ensure that the figure is correctly numbered and referred to within 
the text, and that the source of the data is cited in accordance with 
ABNT standards. If the figure was created by the author using 
publicly available data, this should be noted, and the date of data 
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retrieval should be provided. If the figure is reproduced or adapted 
from another source, full bibliographic details must be included in 
the references section. 
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Ensure that the figure is correctly numbered and referred to within the text, and that 
the source of the data is cited in accordance with ABNT standards. If the figure was 
created by the author using publicly available data, this should be noted, and the date of 
data retrieval should be provided. If the figure is reproduced or adapted from another 
source, full bibliographic details must be included in the references section. 

 

FIGURE 4: 
 

The graphic titled "Segunda Onda: Dia Epidemiológico / Óbitos Novos" translates to 
"Second Wave: Epidemiological Day / New Deaths." It seems to illustrate the number of 
new daily deaths attributed to COVID-19 during the second wave of the pandemic. 

In line with ABNT (Associação Brasileira de Normas Técnicas) guidelines, here is an 
analysis: 

Title: Second Wave: Epidemiological Day / New Deaths 
Description: The scatter plot graph shows new daily deaths over a range of epi- 

demiological days, presumably during the second wave of the COVID-19 pandemic. The 
horizontal axis represents the epidemiological day, while the vertical axis indicates the 
number of new deaths recorded each day. The points are plotted to show the day-to-day 
variation and are overlaid with a trend line that appears to capture the central tendency of 
the data over time. 

Analysis: The graph displays a pronounced peak in the number of daily deaths, in- 
dicative of the height of the second wave. The ascending and descending slopes of the 
trend line suggest the rapid increase and subsequent decline in mortality during this pe- 
riod. The pattern may reflect the natural progression of the pandemic or the impact of 
public health measures such as lockdowns, social distancing, and the initiation of vacci- 
nation programs. 

Commentary: This graph provides critical insights into the intensity and duration of 
the second wave, informing public health officials about the pandemic’s impact over time. 

Figure 4:

The graphic titled "Segunda Onda: Dia Epidemiológico / Óbitos 
Novos" translates to "Second Wave: Epidemiological Day / New 
Deaths." It seems to illustrate the number of new daily deaths 
attributed to COVID-19 during the second wave of the pandemic. 
In line with ABNT (Associação Brasileira de Normas Técnicas) 
guidelines, here is an analysis: 

Title: Second Wave: Epidemiological Day / New Deaths 
Description: The scatter plot graph shows new daily deaths over 
a range of epidemiological days, presumably during the second 
wave of the COVID-19 pandemic. The horizontal axis represents 
the epidemiological day, while the vertical axis indicates the 
number of new deaths recorded each day. The points are plotted 
to show the day-to-day variation and are overlaid with a trend line 
that appears to capture the central tendency of the data over time. 
Analysis: The graph displays a pronounced peak in the number 
of daily deaths, indicative of the height of the second wave. The 
ascending and descending slopes of the trend line suggest the rapid 
increase and subsequent decline in mortality during this period. 
The pattern may reflect the natural progression of the pandemic 
or the impact of public health measures such as lockdowns, social 
distancing, and the initiation of vaccination programs. 
Commentary: This graph provides critical insights into the 
intensity and duration of the second wave, informing public 
health officials about the pandemic’s impact over time. It also 
helps to identify the effectiveness of interventions and the need 
for preparedness in future outbreaks. When incorporating this 
figure into an academic document, it would be referred to in the 
text as follows: "As shown in Figure X, the second wave of the 
COVID-19 pandemic reached its peak mortality around the 400th 
epidemiological day, as evidenced by the number of new deaths 

reported (Author, Year)." 
Ensure the figure is correctly numbered according to its sequence 
in the document and referred to at the appropriate points within the 
text. The data source should be cited following ABNT standards. 
If this is an original graph created by the author, this should be 
noted, and the methodology for data collection and analysis should 
be clearly stated. If the graph is adapted from another source, full 
bibliographic details must be included in the references section. 
 
3. Results and Discussion 
The COVID-19 pandemic’s impact in Brazil was analyzed using 
mathematical models. These models highlighted the rapid spread 
of the virus, indicated by the declining red curve of susceptible 
individuals and the rising green curve of infected individuals 
[13]. The intersection of these curves, along with the increase in 
resistant cases, provided insights into the pandemic’s trajectory in 
Brazil, especially considering the disparities in healthcare access 
[24]. 

The endemicity of the disease in Brazil, suggested by the stabilizing 
curves, is complicated by economic challenges like unemployment 
and inflation [21]. The second wave, characterized by the P.1 
variant, exposed the limitations of early models, underscoring the 
need for adaptable techniques that account for variables such as 
viral mutations and healthcare system capacity [8]. 

Vaccination 
The optimal vaccination coverage in Brazil was explored using 
mathematical models. These models played a crucial role in 
determining strategies to achieve herd immunity. The graphs 
illustrated how varying vaccination rates impacted infection rates. 
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A significant finding was that an 86% vaccination rate could 
potentially prevent epidemic progression [25]. The provided 
image appears to be a graph titled "Combined leaky vaccine with 
coverage of 60%," showing a line plot of the number of infected 
people over time measured in days. 

Following ABNT (Associação Brasileira de Normas Técnicas) 
standards, an analysis in English might read as follows: 
Title: Combined Leaky Vaccine with Coverage of 60% 

Description: The graph presents a time-series analysis of infection 
rates under the condition of a "leaky" vaccine at 60% coverage. 
The term "leaky vaccine" refers to vaccines that do not provide full 
immunity to individuals, meaning that vaccinated individuals can 
still become infected, but typically at lower rates. The horizontal 
axis represents time in days, while the vertical axis shows the 
number of infected people. 
100% effective.
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FIGURE 5: 
 

days, while the vertical axis shows the number of infected people. 
100% effective. 
When incorporating this graph into an academic document, it would be important to 

provide an in-text reference to the graph, such as: 
"As illustrated in Figure X, the implementation of a leaky vaccine at 60% coverage 

resulted in a marked increase and subsequent decline in infection rates, emphasizing the 
vaccine’s potential to significantly impact public health outcomes (Author, Year)." 

In accordance with ABNT standards, if the graph is an original creation, it should be 
cited as such. If it is sourced or adapted from another work, the full bibliographic details 
must be included in the references section of the document. The figure should be clearly 
labeled and described with a caption, and any discussion in the text should refer to the 
figure appropriately. 

Analysis: The curve exhibits a sharp peak, indicating a surge in infections before a 
subsequent decline. This pattern suggests that despite the vaccine being only partially 

Figure 5:

When incorporating this graph into an academic document, it 
would be important to provide an in-text reference to the graph, 
such as:  "As illustrated in Figure X, the implementation of a 
leaky vaccine at 60% coverage resulted in a marked increase and 
subsequent decline in infection rates, emphasizing the vaccine’s 
potential to significantly impact public health outcomes (Author, 
Year)." 

In accordance with ABNT standards, if the graph is an original 
creation, it should be cited as such. If it is sourced or adapted from 
another work, the full bibliographic details must be included in the 
references section of the document. The figure should be clearly 
labeled and described with a caption, and any discussion in the 

text should refer to the figure appropriately. Analysis: The curve 
exhibits a sharp peak, indicating a surge in infections before a 
subsequent decline. This pattern suggests that despite the vaccine 
being only partially effective (leaky), it may still reduce the number 
of infections compared to no vaccination. The peak of the curve 
indicates the highest number of simultaneous infections, which 
is crucial information for health services planning and resource 
allocation.  Commentary: The data depicted in the graph can be 
instrumental for policymakers and health officials in evaluating 
the impact of vaccination programs, particularly when dealing 
vaccines that do not provide full immunity. The analysis highlights 
the importance of achieving high vaccine coverage to mitigate the 
spread of infectious diseases, even when vaccines are not. 
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effective (leaky), it may still reduce the number of infections compared to no vaccination. 
The peak of the curve indicates the highest number of simultaneous infections, which is 
crucial information for health services planning and resource allocation. 

Commentary: The data depicted in the graph can be instrumental for policymakers 
and health officials in evaluating the impact of vaccination programs, particularly when 
dealing vaccines that do not provide full immunity. The analysis highlights the importance 
of achieving high vaccine coverage to mitigate the spread of infectious diseases, even 
when vaccines are not 

 

FIGURE 6: 
 

The image provided appears to be a graph titled "Leaky vaccine with coverage of 
86%", showing a model of a population’s response to a vaccination campaign over time, 
expressed in days. 

In accordance with ABNT (Associação Brasileira de Normas Técnicas) standards, an 
analysis in English might read as follows: 

Title: Leaky Vaccine with Coverage of 86% 
Description: The graph depicts the proportions of a population in different com- 

partments—Susceptible (S), Infected (I), Recovered (R), and Vaccinated (V)—over time, 

Figure 6:

The image provided appears to be a graph titled "Leaky vaccine 
with coverage of 86%", showing a model of a population’s 
response to a vaccination campaign over time, expressed in days. 

In accordance with ABNT (Associação Brasileira de Normas 
Técnicas) standards, an analysis in English might read as follows: 

Title: Leaky Vaccine with Coverage of 86% 
Description: The graph depicts the proportions of a population in 
different compartments—Susceptible (S), Infected (I), Recovered 
(R), and Vaccinated (V)—over time, following the introduction of 
a leaky vaccine with 86% coverage. A "leaky" vaccine refers to 
a vaccine that does not confer complete immunity, which means 
that vaccinated individuals may still become infected, but at a 
potentially reduced rate. 
Analysis: The graph does not show noticeable changes over time 
across the compartments, which could be due to the high coverage 
rate of the vaccine, effectively preventing a large-scale outbreak. 
It suggests that when a significant portion of the population is 
vaccinated, even with a leaky vaccine, the infection can be managed 
and kept under control. The constant lines across the graph indicate 
that the number of susceptible and infected individuals remains 
low, while the vaccinated compartment remains high, suggesting 
the maintenance of a steady state thanks to the high vaccination 
coverage. 
Commentary: The data depicted in the graph can have significant 
implications for public health policy, particularly in the context of 
infectious disease management. High vaccination coverage rates 

can lead to the control of disease spread within the community, even 
if the vaccine is not entirely effective at preventing infection. This 
model supports the strategy of widespread vaccination to maintain 
public health and prevent disease outbreaks. When incorporating 
this graph into an academic document, it is important to include a 
caption and a figure number, for example:  "Figure X. The impact 
of a leaky vaccine with 86% coverage on a population’s disease 
dynamics over time." 

In the body of the document, the figure would be referenced and 
discussed in relation to the research content, for example: "As 
shown in Figure X, the implementation of a leaky vaccine with 
86% coverage has maintained a steady state within the population, 
with no significant increase in the proportion of susceptible or 
infected individuals over time (Author, Year)." 
Ensure the graph’s source data and the methodology used for 
the projection are clearly cited if it is not original. If the graph 
is an original creation, this should be stated, and the method of 
data collection and analysis should be described. If the graph is 
reproduced or adapted from another source, full bibliographic 
details must be included in the references section following ABNT 
standards. 
In this model, the population is divided into four compartments: 
• Susceptible (S): Individuals who have not been infected and are 
not yet vaccinated. 
• Vaccinated (V): Individuals who have been vaccinated and are 
presumed to have immunity against the infection. 
• Infected (I): Individuals who are currently infected and can 
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transmit the disease to those in the susceptible or vaccinated 
compartments. 
• Recovered (R): Individuals who have recovered from the 
infection and have acquired immunity, either naturally or post-
vaccination. 
The arrows represent the transitions between compartments: 
• dVdSand dSdV: The rate of vaccination of susceptible individuals 

and the possible loss of vaccine-induced immunity, leading to a 
return to the susceptible state. 
• dSdI: The rate at which susceptible individuals become infected. 
• dRdIand dIdR: The rate at which infected individuals recover and 
potentially the rate at which recovered individuals may lose their 
immunity and become susceptible again. 

12 
 

 

 
 

FIGURE 7: 
 

The SIRV model is crucial in understanding the effects of vaccination strategies on the 
spread of infectious diseases. It allows public health officials and policymakers to simu- 
late scenarios for vaccination coverage and its efficacy in reducing transmission within a 
population. 

 
4.1 Vaccination in Brazil and Other Countries – A Perspective 

Brazil’s history with vaccination campaigns, such as the smallpox epidemic in 1904 and 
the response led by Oswaldo Cruz, offers valuable lessons for the current pandemic. The 
contrast between historical and contemporary responses to public health crises under- 
scores the importance of science-based governance [12]. 

Structural Consequences of the COVID-19 in Brazil 
The pandemic has altered Brazil’s demographic structure, potentially affecting the 

population pyramid for decades. The decrease in birth rates and increased mortality 
among the elderly could impact the crime rate and burden the social security system 
(IBGE, 2022). Additionally, the delayed vaccination rollout may have led to approx- 
imately 58,000 preventable deaths [7]. The cognitive effects of COVID-19, such as 
memory and executive function impairments, could anticipate Alzheimer’s-like demen- 
tia symptoms by up to five years (Rossine et al., 2021). 

The image provided is a line graph titled "Population Projection for Brazil (2020- 
2030)." It depicts the projected growth of Brazil’s population over a decade. 

In accordance with ABNT (Associação Brasileira de Normas Técnicas) standards, 
here is an analysis: 

Title of the Figure: Population Projection for Brazil (2020-2030) 
Description: The line graph represents the projected population growth in Brazil 

from 2020 to 2030. The horizontal axis is marked with biennial increments, denoting the 
years from 2020 to 2030. The vertical axis represents the population size in increments, 
although the specific unit is not labeled, which should ideally be addressed for clarity. 

Figure 7:

The SIRV model is crucial in understanding the effects of 
vaccination strategies on the spread of infectious diseases. It allows 
public health officials and policymakers to simulate scenarios for 
vaccination coverage and its efficacy in reducing transmission 
within a population. 
 
4. Vaccination in Brazil and Other Countries – A Perspective 
Brazil’s history with vaccination campaigns, such as the smallpox 
epidemic in 1904 and the response led by Oswaldo Cruz, offers 
valuable lessons for the current pandemic. The contrast between 
historical and contemporary responses to public health crises 
underscores the importance of science-based governance [12]. 

Structural Consequences of the COVID-19 in Brazil 
The pandemic has altered Brazil’s demographic structure, 
potentially affecting the population pyramid for decades. The 
decrease in birth rates and increased mortality among the elderly 
could impact the crime rate and burden the social security system 

(IBGE, 2022). Additionally, the delayed vaccination rollout may 
have led to approximately 58,000 preventable deaths [7]. The 
cognitive effects of COVID-19, such as memory and executive 
function impairments, could anticipate Alzheimer’s-like dementia 
symptoms by up to five years (Rossine et al., 2021). 

The image provided is a line graph titled "Population Projection 
for Brazil (20202030)." It depicts the projected growth of Brazil’s 
population over a decade. In accordance with ABNT (Associação 
Brasileira de Normas Técnicas) standards, here is an analysis: 
Title of the Figure: Population Projection for Brazil (2020-2030) 
Description: The line graph represents the projected population 
growth in Brazil from 2020 to 2030. The horizontal axis is marked 
with biennial increments, denoting the years from 2020 to 2030. 
The vertical axis represents the population size in increments, 
although the specific unit is not labeled, which should ideally be 
addressed for clarity. 
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FIGURE 8: 
 

FIGURE 9: Growth Rate Over Years (Smoothed) 
 

Description: This line graph displays the annual growth rate, showcasing both the 
actual values (denoted by blue points) and the predicted values (indicated by the red line). 
The horizontal axis lists the years from 2023 to 2030, and the vertical axis shows the 
growth rate, although specific units are not detailed and should be clarified for a complete 
understanding. 

Analysis: There is an observable downward trend in the growth rate over the years. 
The predictive line suggests that this decreasing trend will continue until 2030. The blue 
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Figure 8:

Figure 9: Growth Rate Over Years (Smoothed)

Description: This line graph displays the annual growth rate, 
showcasing both the actual values (denoted by blue points) and the 
predicted values (indicated by the red line). The horizontal axis 
lists the years from 2023 to 2030, and the vertical axis shows the 
growth rate, although specific units are not detailed and should be 
clarified for a complete understanding. 

Analysis: There is an observable downward trend in the growth 
rate over the years. 
The predictive line suggests that this decreasing trend will 
continue until 2030. The blue points closely align with the trend 
line, indicating that the predictions are consistent with the actual 
observed growth rates. Data smoothing may have been applied to 

facilitate the visualization of underlying trends, thereby minimizing 
the impact of year-to-year variations. 

Commentary: The analysis of this graph is critical for economic 
and demographic planning. A decreasing growth rate may have 
significant implications for public policy development, resource 
allocation, and long-term infrastructure planning. The forecasts 
indicated by the red line can assist policymakers and researchers 
in anticipating changes in population dynamics and adjusting 
strategies as necessary. 

In academic writing, when citing the figure, the discussion 
should include how the figure relates to the research content and 
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what implications these growth rates might have for the subject 
of study. The source of the data used to create the graph should 
be cited in accordance with ABNT standards. If the graph is an 
original creation based on publicly accessible data, this should 

be mentioned, and the methodology for data analysis should 
be described. If the graph is adapted from another source, all 
bibliographic details should be included in the references section. 
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FIGURE 10: 
 

Analysis: The graph shows a steady increase in population over the ten-year period, 
with a linear progression suggesting a consistent growth rate. The slope of the line indi- 
cates the rate of population growth; a steeper slope would suggest a higher growth rate. 
The uniformity of the line suggests that the population is expected to grow without sig- 
nificant fluctuations or disruptions. 

Commentary: This population projection can inform policymakers, economists, and 
public health officials about demographic trends that may influence various sectors such 
as healthcare, education, and economic planning. Given the context of the COVID-19 
pandemic, understanding population trends is crucial for long-term resource allocation 

Figure 10:

Analysis: The graph shows a steady increase in population over the 
ten-year period, with a linear progression suggesting a consistent 
growth rate. The slope of the line indicates the rate of population 
growth; a steeper slope would suggest a higher growth rate. The 
uniformity of the line suggests that the population is expected to 
grow without significant fluctuations or disruptions. 
Commentary: This population projection can inform policymakers, 
economists, and public health officials about demographic trends 
that may influence various sectors such as healthcare, education, 
and economic planning. Given the context of the COVID-19 
pandemic, understanding population trends is crucial for long-
term resource allocation and infrastructure development. 

The image provided contains a set of four bar graphs comparing 
various demographic statistics between two years, 2010 and 2020. 
Each graph represents different demographic data: total population, 
yearly change in population, median age, and urban population. 

Following ABNT (Associação Brasileira de Normas Técnicas) 
standards, an analysis in English would be structured as follows: 
Title of the Figure Set: Comparative Demographic Data for Brazil 
in 2010 and 2020 
Description: This set of bar graphs displays demographic changes 
in Brazil over a decade. The first graph shows the total population 
for each year, indicating a rise from 2010 to 2020. The second 
graph illustrates the yearly change in population, which appears 
to have decreased in 2020 compared to 2010. The third graph 
compares the median age in both years, showing an increase, 
which suggests population aging. Lastly, the fourth graph presents 
the urban population, which also appears to have increased from 

2010 to 2020. 
Analysis: The data collectively suggest significant demographic 
shifts over the decade. The increase in total and urban populations 
could imply urbanization trends and population growth. The 
decrease in yearly population change may indicate a slowing  in 
population growth rate. The rise in median age is indicative of an 
aging population, which could have implications for healthcare, 
social services, and the workforce. 
Commentary: These demographic changes are crucial for policy 
formulation in various sectors, such as urban planning, healthcare, 
and social security systems. The observed trends could inform 
strategies to address the challenges of an aging population and 
the need for infrastructure to support a growing urban populace. 
When incorporating this set of graphs into an academic document, 
one must consider the implications of the data for the research 
questions or hypotheses being addressed. Additionally, the source 
of the demographic data should be clearly cited following ABNT 
standards, and if the graphs are original creations based on this 
data, this should be noted. If the graphs are adapted or reproduced 
from another source, full bibliographic details must be included in 
the references section of the document. 
 
5. Conclusion 
The pandemic’s social consequences are far-reaching, influencing 
political outcomes and the potential legal ramifications for those 
responsible for the crisis. Demographic shifts are illustrated 
through population pyramids, highlighting the changes from 2010 
to projections for 2030 and 2040 (Sousa & Gordo, 2020). The 
COVID-19 pandemic has presented unprecedented challenges, 
not just in terms of public health, but also in its socio-economic 
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impact, particularly in Brazil. The pandemic’s progression 
underscores the necessity for adaptable and robust public health 
strategies to manage such crises effectively. Our study highlights 
the importance of timely and widespread vaccination to control the 
spread of the virus. The success of vaccination campaigns is crucial 
in achieving herd immunity, as seen in the significant reduction of 
infection rates once a substantial portion of the population was 
vaccinated [8]. This outcome aligns with the historical context of 
Brazil’s previous vaccination efforts and the importance of public 
trust in health interventions [12]. 

The economic fallout from the pandemic has been profound, 
affecting businesses and increasing unemployment. This 
economic impact has further strained Brazil’s healthcare system, 
demonstrating the interconnection between a nation’s economy 
and its health outcomes [26]. The pandemic has also led to a shift 
in Brazil’s demographic structure, which will have long-term 
implications for the country’s social and economic policies [12].
 
Furthermore, our analysis points to the necessity of incorporating 
mathematical modeling in public health policy. These models 
provide valuable insights into the spread and control of infectious 
diseases, allowing for more informed decision-making (Rossine 
et al., 2021). 

In conclusion, the COVID-19 pandemic has been a defining global 
health crisis of our time, particularly challenging for countries like 
Brazil with diverse populations and varying levels of healthcare 
access. The lessons learned from this pandemic should guide future 
public health strategies, ensuring a swift and effective response to 
any such crises in the future. 
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