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Abstract

Introduction: coronavirus 2019 Disease (COVID-19) was quickly 
declared a pandemic, and Brazil is facing the most significant health 
and hospital crisis in its history. From March to June 2021 represented 
50.8% of all deaths in the State of Espirito Santo.

Objective: to analyze the lethality and mortality by COVID-19 in the 
State of Espirito Santo from March 2020 to June 2021.

Methods: an ecological study was carried out, using a time series 
of public and official data available on the Health Department of the 
State of Espirito Santo, Brazil. Were considered information about 
cases and deaths (from March 2020 to June 2021) of COVID-19. 
Percentage case-fatality and mortality and incidence rates per 
100,000 population were calculated. Time-series analyses were 
performed using the Prais-Winsten regression model, estimating the 
Daily Percent Change (DPC), and the trends were classified as flat, 
increasing, or decreasing. Significant differences were considered 
when p<0.05.

Results:  524,496 confirmed cases of COVID-19 as of June 30, 2021, 
and 11,516 progressed to death. The presence of cardiovascular 
diseases represents more than half of confirmed comorbidities 
(54.37%) in patients with COVID-19, followed by diabetes (19.95%) 
and obesity (9.34%). Men had higher mortality and lethality, especially 
in older age groups, but the incidence was higher among women. 
A characteristic profile of two waves was observed; the first wave 
was extended from March to October 2020 and the second complete 
wave from November 2020 to June 2021. During the second wave, 
high peaks of incidence, lethality, and mortality were recorded. At the 
end of the second wave, the incidence rate remained with increasing 
trends (p < 0.05), with a DPC of 2.06%.

Conclusion:  the peak concentration of cases, deaths, and indicators 
of lethality, mortality evidenced even after one year of pandemic, 
characterizes the severity of the COVID-19 pandemic, still in entire 
evolution in the State Espirito Santo and Brazil.
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Coronavirus Disease 2019 (COVID-19) was 
quickly declared a pandemic, causing a global recession 
in the economic and health systems1-4. In Brazil, the fight 
against the disease resulted in the most significant health 
and hospital crisis in its history, marked by the lack of 
government control. It can be evidenced by the number of 
notifications of more than 19 million cases confirmed of 
the disease, with 550,502 thousand lives lost until July 26, 
2021, 11,826 of them notified by the State of EspíritoSanto5.

COVID-19 is a respiratory tract infection caused 
by the Severe Acute Respiratory Syndrome of coronavirus 
2 (SARS-CoV-2). While the majority population has 
mild symptoms, about 20% of patients develop severe 
complications such as Acute Respiratory Syndrome 
(SARS), septic shock, and multiple organ failure, with 
3-6% achieving mortality. Due to the lack of specific 
antiviral treatment, the management of this condition 
remains primarily symptomatic, with intensive support 
treatment for critically compromised patients6.

The severity and lethality of COVID-19 have 
been associated with chronic non-communicable diseases 
(NCDs) such as high blood pressure, diabetes, respiratory 
infections, and cardiovascular diseases7-9. There is a 
demographic and epidemiological transition in progress 
in the Brazilian case, with a high prevalence of NCDs, 
especially cardiovascular diseases related to obesity and 
sedentary lifestyle10-12. These comorbidity associations 
make the country’s scenario during the pandemic even 
more problematic from the point of view of Public Health.

For Mesenburg et al.13, the prevalence of chronic 
NCD in the country is high. However, people with 
comorbidities have more severe forms of COVID-19 and 
a higher prevalence of symptoms. It is highlighted that the 
transmissibility of the Sars-CoV-2 virus is similar in people 
with or without these pathologies. Cardiovascular diseases 
represent 56% of the comorbidities of the COVID-19 
confirmed cases, followed by diabetes (20%) and obesity 
with 8,4%14.

According to public data from the EspíritoSanto 
State Health Department15, there is a more significant 
number of confirmed cases in females (53%) but a higher 
frequency of deaths in males (53%). Regarding the age 
group, there is a predominance of confirmed cases of 
Coronavirus disease in an economically active age group, 

 INTRODUCTION
but with the highest frequency in people between 20 and 
59 years (74%). The number of deaths is high, especially 
in the elderly over 60 years of age (69%).

Thus, epidemiological analyses based on the triad 
person, time, and place generate transformations in the 
characterizing elements of EspíritoSanto society. The 
context of the COVID-19 pandemic is complex, and 
measures to promote the flattening of the epidemiological 
contamination curve will require multiple analyses and 
contributions to the knowledge of the pandemic situation 
and its social repercussions.

According to Malta and collaborators16, Brazil 
is the only country globally with more than 200 million 
inhabitants and has unrestricted access to Unified Health 
System (SUS-Sistema Único de Saúde). Therefore, it is 
crucial to understand the dynamics of the pandemic in the 
most distinct regions of the country, especially the high 
incidence and mortality caused by the disease. Thus, this 
study’s objective is to analyze the lethality and mortality 
by COVID-19 in the State of EspíritoSanto from March 
2020 to June 2021.

 METHODS
Study Design

An ecological study was carried out using a time 
series of public and official data available on the Health 
Department of the State of EspíritoSanto, Brazil15 (2021). 
This study is part of a population-based umbrella project, 
where each state of Brazil was analyzed separately, 
following a standard protocol for ecological time-series 
studies as described by Abreu, Elmusharaf and Siqueira17.

Study Location and Period
The State of EspíritoSanto belongs to the southeast 

region of Brazil; it is formed by 78 municipalities, with 
Vitória as the capital. The State has a territorial extension 
of 46,074,447 km², a demographic density of 76.5 
inhabitants/km², and an average number of inhabitants per 
household of 2.8 people. The monthly per capita income is 
1,347 reais, the human development index (HDI) is 0.740, 
and the State has 790 basic health units18,19. Furthermore, 
according to the EspíritoSanto State Health Department15, 
until June 13, 2021, the State had 5,013 infirmary beds and 

Authors summary 

Why was this study done?
This study was carried out due to the need for epidemiological studies on the COVID-19 pandemic, especially in the state of Espírito 
Santo. Thus, it is of paramount importance to identify trends in incidence, lethality, and mortality to elucidate the epidemiological 
parameters of the first and second wave to develop pandemic planning.

What did the researchers do and find?
This study aims to analyze the incidence, mortality, and lethality by COVID-19 in the State of Espírito Santo from March 2020 to June 
2021. An ecological study was carried out using a time series of public and official data available on the Health Department of the State 
of Espírito Santo, Brazil. The effective reproduction number (Rt), the incidence, mortality and lethality were estimated, then the trend 
analysis according to the wave period were classified in increased, decreased, or flat. We found that the first wave of COVID-19 in the 
analyzed region was marked by stationary lethality trends, increasing mortality and incidence trends and in the second wave, despite 
the incidence growing trends, mortality showed stationary trends, with lethality with decreasing trends.

What do these findings mean? 
The pandemic is still in evolution in the State of Espírito Santo. Therefore, needing a focus on non-pharmacological measures as well 
as reducing the movement of people to reduce the spread of the virus and advances in vaccination to fight COVID-19.
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The effective reproduction number (Rt) was 

estimated using R studio software EpiEstim package20, 
version 2.2.4, a previously time-varying reproduction 
number for epidemics model, developed by Thompson and 
colleagues21. Our model used a mean serial interval of 2.97 
days with an average standard deviation of 3.29 days, as 
described in previous studies22,23.

The incidence (1) and mortality rates (2) by 100,000 
inhabitants and the case-fatality (3) (%) were calculated 
according to the equations:

(1) Incidence= (number of cases) x 100.000
population

(2) Mortality= (number of deaths) x 100.000
population

(3) Case-fatality= (number of deaths) x 100
                   (number of cases)

Mortality rates were also calculated and stratified 
by sex and age for the same period. According to the 
populational projection of Federation Units for the 
year 2020, the State of EspíritoSanto had 4,138,657 
inhabitants24. The distribution of the population by gender 
and age is described in table 1.

For trend analysis, the period was divided into the 

2,560 ICU beds, with 1,300 infirmary beds and 1,611 ICU 
beds for COVID-19 patients, with an occupancy rate of 
62.73% and 42.54% respectively.

The database was updated on July 20, 2021, 
considering information about cases (from March 2020 to 
June 2021) and deaths (from April 2020 to June 2021) of 
COVID-19.

Study Population and Eligibility Criteria
This study included data on 524,496 cases and 

11,516 deaths accumulated of COVID-19 reported by 
EspíritoSanto’s municipalities. The cases were classified 
according to the diagnosis date, while the deaths were 
classified according to the death date.

All notifications of COVID-19 cases and related 
deaths were confirmed by clinical, laboratory and/or 
epidemiological confirmation of disease.

Data Collection
Two researchers independently extracted the data 

to minimize collection bias and guarantee the quality and 
reliability of the data obtained. The collected data were 
organized into spreadsheet software Microsoft® Excel 
2016.
Data Analysis

Age (years old) Population
Male (n) Female (n) Total (n)

0 – 19 581,017 561,210 1,142,227
20 –  29 339,254 325,773 665,027
30 –  39 350,542 338,848 689,390
40 –  49 292,310 291,729 584,039
50 –  59 234,227 241,259 475,486
60 –  69 162,788 175,923 338,711
70 –  79 70,821 89,529 160,350
80 or more 32,106 51,321 83,427
Total 2,063,065 2,075,592 4,138,657
Source: DATASUS - Projeção da População das Unidades da Federação por sexo e grupos de idade: 2000-2030.

Table 1 - Number of inhabitants according to gender and age groups for the State of Espírito Santo,

first wave (1st Wave - March to October 2020) and second 
wave (2nd Wave – November 2020 to June 2021) to 
define the end of the first wave, the month with the lowest 
mortality rate was considered, which suggested the end of 
a first wave in the curve.

The trends were analyzed according to the 
methodological guidelines by Antunes and Cardoso25, the 
Prais-Winsten regression model for population mortality 
rates was used to build time series, series as well as to 
determine incidence, case fatality and mortality trends. 
Were estimated the probability (p), and Daily Percent 
Change (DPC), considering a 95% level significance, 
according to equations (1), (2), and (3):

(1) DPC=(10^β-1)×100%
(2) (IC95%)ul=(10^ β_max-1)×100%
(3) (IC95%)u=(10^ β_min -1)×100%

In these equations, we considered β as the angular 

coefficient from the linear regression, the indexes ul as the 
upper limit, and ll as the lower limit of the confidence level.

The case-fatality, mortality and incidence trends 
were classified in increased, decreased, or flat. Flat trends 
were considered when p value was not significant (p<0.05).

Statistical analyses were performed using the 
STATA 14.0 software (College Station, TX, U.S. 2013).

Ethical and Legal Aspects of the Research
Ethics committee approval was not required 

because only secondary data available on the internet were 
used in this study.

 RESULTS
There were 524,496 cases and 11,516 deaths 

accumulated from COVID-19 in EspíritoSanto from March 
2020 to June 2021. There was a higher proportion of female 
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individuals in the cases (53.48%) and male (54.71%) in 
deaths. There was a higher percentage of confirmed cases 
among people aged 30 to 39 years, while deaths were more 
prevalent among the elderly (60 to 69 years - 24.85%; 70 to 
79 years - 24.85%; and 80 years or more - 23.11%) (table 2).

It was observed that 126,981 comorbidities reported 
in cases and 12,324 in deaths from COVID-19. Among the 
comorbidities reported, cardiovascular comorbidities were 
the most prevalent in both groups (54.37% cases; 49.13% 

deaths), followed by diabetes (19.95% - cases; 26.19% - 
deaths) and obesity (9.34% - cases; 9.19% - deaths) (table 
2). The lethality (%), mortality and incidence rates (per 
100,000 inhabitants) of COVID-19 in the analyzed State, 
distributed by sex and age, were illustrated in table2.

The lethality (%), mortality and incidence rates (per 
100,000 inhabitants) of COVID-19 in the analyzed State, 
distributed by sex and age, were illustrated in table 3.

The mortality rate of COVID-19, considering the 

Description Cases Deaths
n (%) n (%)

COVID-19 (cases or deaths accumulated) 524,496 (100.00) 11,516 (100.00)
Gender*
Male 243,938 (46.52) 6300 (54.71)
Female 280,435 (53.48) 5216 (45.29)
Age (years old)**
0-19 47916 (9.14) 41 (0.36)
20-29 93933 (17.91) 111 (0.96)
30-39 125367 (23.9) 402 (3.49)
40-49 104861 (19.99) 916 (7.96)
50-59 75439 (14.39) 1661 (14.42)
60-69 46068 (8.78) 2862 (24.85)
70-79 20575 (3.92) 2862 (24.85)
80 or more 10321 (1.97) 2661 (23.11)
Total comorbidity notification*** 126,981 (100.00) 12324 (100.00)
Lung 11,473 (9.03) 825 (6.69)
Cardiovascular 69,029 (54.37) 6055 (49.13)
Renal 2,151 (1.69) 537 (4.36)
Diabetes 25,337 (19.95) 3228 (26.19)
smoking 7,136 (5.62) 547 (4.44)
Obesity 11,855 (9.34) 1132 (9.19)
* Gender: 524,373 cases described the sex. In 123 cases, this information was ignored. *** Age: A total of 524,480 cases described the 
age, and 16 cases this information was missed. ***An individual could have 1 or more comorbidities.

Table 2: Cases and deaths due to COVID-19 in the State of Espirito Santo, Brazil, from March 2020 to June 
2021, distributed according to gender, age, and comorbidities

Table 3: Case-fatality of COVID-19, mortality, and incidence rate per 100,000 inhabitants in the State of Espírito 
Santo from March 2020 to June 2021, distributed by sex and age group

Age 
(years 
old)

Case-fatality (%) Mortality rate (per 100,000 
inhabitants)

Incidence rate (per 100,000 
inhabitants)

Male Female Total Male Female Total Male Female Total
0 – 19 0.08 0.09 0.08 3.10 4.10 3.59 3948.25 4445.04 4194.96
20 – 29 0.12 0.11 0.12 15.62 17.80 16.69 12628.88 15679.32 14124.69
30 – 39 0.37 0.27 0.32 62.47 54.01 58.31 16773.17 19639.19 18185.21
40 – 49 1.06 0.70 0.87 178.92 134.71 156.84 16806.47 19098.20 17954.45
50 – 59 2.72 1.76 2.20 401.32 298.85 349.33 14770.29 16923.31 15865.66
60 – 69 7.45 5.13 6.21 983.49 716.79 844.97 13193.23 13972.59 13600.97
70 – 79 16.57 11.52 13.91 2280.40 1392.84 1784.84 13764.28 12092.17 12831.31
80 or 
more

30.19 22.50 25.78 4145.64 2591.53 3189.61 13732.63 11519.65 12371.29

Total 2.58 1.86 2.19 305.37 251.30 278.25 11824.06 13511.08 12672.71
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entire period analyzed, was 2.19%, with mortality rates of 
278.25 deaths per 100,000 inhabitants and an incidence 
of 12,672.71 new cases per 100,000 inhabitants. It was 
observed that the lethality and mortality rates were higher 
at older ages, in which male individuals aged 80 years 
or older had the most increased lethality (30.19%) and 
mortality (4,145.64 deaths per 100,000 population) scores. 
At the same time, the highest incidence rates were found 
among females’ individuals aged 30 to 39 years (19,639.19 
cases per 100,000 inhabitants) and 40 to 49 years old 
(19,098.20 cases per 100,000 inhabitants) (table 3).

The distribution of cases and deaths per day and the 
Effective reproduction number (Rt) of COVID-19 in the 

State of EspíritoSanto were highlighted in figure 1.
There was a significant oscillation in the distribution 

of new cases and deaths of COVID-19, with maximum 
peaks of daily cases observed during March 2021 (figure 
1A) and fatalities in April 2021 (figure 1B). The Effective 
reproduction number also suffered large fluctuations; 
only in July, August, December 2020, and January 2021 
did the transmissibility of SARS-COV-2 controlled, with 
a predominance of Rt with values below one. However, 
there was an increase in transmissibility during March 
2021 (Rt >1), with controlled levels in the subsequent 
months (figure 1C).

Figure 1: Distribution of daily new cases (A), deaths (B), and effective reproduction number (C) of COVID-19 in 
the State of Espírito Santo from March 2020 to June 2021 
CI = Confident Interval. Effective reproduction Number (Rt), estimated from April 1 to 2021, June 30, 2021.New cases and deaths per day 
from March 2020 to June 2021.



512J Hum Growth  Dev. 2021; 31(3):507-520. DOI: 10.36311/jhgd.v31.12770

www. jhgd.com.br                                                               

The indicators of lethality, mortality, and incidence 
varied according to the months analyzed, presenting a two-
wave profile, as illustrated in figure 2. It was evidenced that 
even after one year of pandemic, the State of EspíritoSanto 
described higher rates of lethality (4.51%) and mortality 
(48.90 deaths per 100,000 inhabitants) in April 2021, with 
a peak incidence in March 2021 (1,618,57 new cases per 
100,000 inhabitants) (figure 2).

Prais-Winsten regression estimates and Daily 
Percent Change (DPC) of the case-fatality (%), mortality 

(per 100,000 inhabitants), and incidence rates (per 100,000 
inhabitants due to COVID-19 in the State of EspíritoSanto 
according to the first and second wave (table 4). The first 
wave of COVID-19 in the analyzed region was marked 
by stationary lethality trends, increasing mortality and 
incidence trends (p<0.05) with respective DPC: 0.36% and 
0.78%. In the second wave, despite the incidence growing 
trends (p<0.05), mortality showed stationary trends, with 
non-significant p-value (p<0.05), with lethality with 
decreasing trends (p<0.05) with DPC of -0.33% (table 4).

Figure 2: Percentage case-fatality (A), mortality (B), and incidence rate per 100,000 inhabitants (C) due to 
COVID-19 in the State of Espirito Santo, according to the 1st Wave (March to October 2020) and the 2nd Wave 
(November 2020 to June 2021)
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 DISCUSSION
The State of EspíritoSanto, reported 524,496 cases 

accumulated from COVID-19 up to June 30, 2021, of which 
11,516 died from the disease. There were oscillations in 
viral transmissibility, in the number of cases and deaths, 
with high peaks in the incidence indicators (March 2021), 
mortality, and lethality (April 2021) observed even after one 
year of pandemic. Although lethality rates have decreasing 
trends at the end of the second wave (November 2020 
to June 2021) and mortality is stationary, the incidence 
remains with increasing trends throughout the analyzed 
period.

The first case notification of COVID-19 in 
the State began on February 25, 2020; however, this 
confirmation was dismissed out by the Central Laboratory 
of EspíritoSanto. On March 5, 2020, the first case was 
confirmed, from a resident of the Metropolitan region 
of Vitória with a history of international travel26. Thus, 
subsequent cases followed similar behavior in the first half 
of March 2020, with predominant origin abroad and in the 
State of São Paulo (Brazil), the epicenter of the disease in 
Latin America27,28.

Although the first suspicions of COVID-19 were 
reported in February 2021, there is evidence that the virus 
circulated in EspíritoSanto before this date.  In a study that 
analyzed samples of 7,370 patients, without prior suspicion 
of COVID-19, but who had symptoms compatible with 
viral infections such as Dengue or Chikungunya, from 
December 1, 2019, to June 30, 2020, the results illustrated 
that 210 SARS-CoV-2 positive cases were detected. These 
hidden cases possibly indicate delays in seeing patients, 
which may have contributed to the rapid expansion of the 
COVID-19 outbreak29.

Community transmission in EspíritoSanto began in 
March 2020, and cases increased with the first deaths, and 
the territorial extension of the disease grew, incorporating 
other neighborhoods and cities. In this initial phase of the 
disease, there was a predominance of the regions with the 
highest human development index (HDI) in the State of 
EspíritoSanto, such as Vitória (MHDI = 0.845) and Vila 
Velha (MHDI = 0.8)18,27, evidencing the manifestation of 
the pandemic stratified by social class, sex, and race30.

Concerning sociodemographic aspects, similar 
findings were reported by the State Government, with 
predominant COVID-19 cases in females (53%) but 
with a higher frequency of deaths in males (53%). There 
is a predominance of confirmed cases of COVID-19 in 
populations of economically active age in the age variable. 
Even with the highest frequency of cases in the 20 to 59 
age group (74%), the number of deaths occurs mainly in 
the elderly population aged 60 and over (70%)14.

Thus, greater susceptibility to severe conditions 
of COVID-19 and higher mortality are associated with 
biological sex and age group. Males have a higher risk 
of mortality than women; the elderly also have a higher 
mortality rate than younger individuals31.

It is noteworthy that comorbidities also represent 
significant risk factors in addition to gender and age group. 
According to Wang et al.32 which evaluated data from 36 
patients affected by COVID-19 who required care in the 
Intensive Care Unit (ICU), illustrated that 72.2% of the 
individuals had comorbidities. This finding indicates that 
a history of chronic diseases can lead to the development 
of complications.

In this context, it is essential to analyze health 
indicators, especially lethality and mortality rates. Lethality 
measures the number of deaths about people with active 
disease and not concerning the total population; that is, it 
evaluates the percentage of infected people who progress 
to death, while the mortality rate is used to analyze the 
impact of a disease or condition on the entire population 
of a region. These two variables were influenced by 
associated comorbidities and the immunosuppression 
presence, especially in elderly patients, with median age 
above 60 years33,34. Moreover, as the pandemic progressed, 
other elements became risk factors for worsening the 
situation, such as gender, ethnicity, particularly blacks and 
Hispanics and comorbidities35.

The main categories of comorbidities associated 
with COVID-19 in the State of Espírito Santo, were 
related to the presence of CVDs, and indicate a higher risk 
of mortality. The CVDs represented more than half of the 
morbidities reported (54.37%) by confirmed cases in this 
State, followed by diabetes (19.95%) and obesity (9.34%). 

Table 4: Prais-Winsten regression estimates and Daily Percent Change (DPC) of the case-fatality (%), 
mortality (per 100,000 inhabitants), and incidence rates (per 100,000 inhabitants due to COVID-19 in the 
State of Espirito Santo, according to the 1st Wave (March to October 2020) and the 2nd Wave (November 
2020 to June 2021)
Períod DPC (CI 95%) Case-fatality p Fatality Trends
1st Wave 0.02 (-0.07 : 0.11) 0.685 Flat
2nd Wave -0.33 (-0.52 : -0.15) <0.001* Decreasing

DPC (CI 95%) Mortality p Mortality Trend
0.36 (0.21 : 0.52) <0.001* Increasing
0.63 (-0.04 : 1.30) 0.066 Flat

Períod
1st Wave 
2nd Wave

First (1st) Wave (March to October 2020) and the Second (2nd) Wave (November 2020 to June 2021). DPC – Daily Percent Change (%); 
CI 95% – Confidence interval 95%; p-value – the probability of statistical significance - Prais-Winsten regression test.
Source: Cases, deaths, and population were extracted from the Health Department of the State of Espírito Santo, Brazil.

DPC (IC 95%) Incidence P Incidence  Trend
0.78 (0.25 : 1.31) 0.004* Increasing
2.06 (0.72 : 3.42) 0.003* Increasing

Períod
1st Wave 
2nd Wave
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In line with the study by Silva et al.,36 conducted in the 
state capital of Amapá, Brazil, the authors highlighted 
those 102 patients with comorbidities and diagnosed 
with COVID-19 had chronic CVD (38.33%), diabetes 
(24.16%), and chronic respiratory diseases (13.33%) as the 
most prevalent risk factors.

Pre-existing conditions impair the body’s immune 
response, such as diabetes mellitus (DM) and obesity, 
which are potential aggravating factors of the infectious 
illness generated by SARS-Cov-2, impacting the patient’s 
evolution to death. In a study by Oliveira et al.,37 the main 
comorbidities reported in patients with COVID-19 were 
DM, chronic heart diseases, and hypertension-related to 
cardiovascular conditions and chronic respiratory diseases. 
In this case, the comorbidity with the highest record in 
cases of death was hypertensive disease. Furthermore, 
several authors highlight systemic arterial hypertension 
as one of the main aggravating factors for the COVID-19 
condition, together with other CVDs, being associated 
with worse prognoses and high lethality rates38-40.

Previous coronavirus outbreaks have been associated 
with comorbidities and cardiovascular complications41. 
Increased inflammatory and immunological responses, 
endothelial damage, microvascular dysfunction or 
thrombosis due to hypercoagulability, and stress 
cardiomyopathy are possible pathways of the acute 
coronary syndrome42. A recent systematic review and 
meta-analysis by Cochrane showed that 20.0% (95% CI 
16.1–23.8% with substantial heterogeneity - I2 = 94.9%) 
of patients hospitalized with COVID-19 had an acute 
myocardial infarction43. For example, a study involving 
5,119 Danish patients diagnosed with COVID-19 revealed 
that the incidence of Acute Myocardial infarction (AMI) 
was approximately five times higher during the 14 days 
after infectious diagnosis than the control interval44. 
However, there remains a scarcity of data regarding the true 
incidence of acute AMI due to microvascular dysfunction 
and coronary thrombosis in patients with COVID-19, 
given the difficulty of outlining such dedicated studies.

About obesity, it has long been known that it is 
directly associated with poor prognoses and prolonged 
recovery in cases of viral infections. In the context of 
COVID-19, other factors related to obesity may be 
responsible for the higher chances of worsening the clinical 
picture, which includes deficient respiratory mechanics, 
low gas exchange rate in the lungs, increased airway 
resistance, reduced lung strength, and lower lung volume45.

Among the other most prevalent risk factors, 
Bornstein et al.,46 also highlight the direct relationship 
between DM and the COVID-19 with greater severity of 
the clinical condition, resulting in a glycemic increase in 
patients with type 2 DM. In addition, the pre-existence of 
respiratory diseases was the first and primary risk factor 
associated with severe conditions of COVID-1947,48. 
Finally, comorbidities such as cerebrovascular diseases, 
neoplasms, smoking, Alzheimer’s disease, pancreatic 
disease, dengue, alcohol consumption, and puerperal period 
were also related to the worse prognosis of COVID-19, 
although to a lesser extent.

Time analysis
After the beginning of community transmission in 

the State of Espírito Santo in March 202027, the distribution 
of new cases per day showed a high degree of variation 
in the distribution of COVID-19 cases throughout 2020, 
peaking in March 2021, recording an incidence rate 
of 1,618.57 new cases per 100,000 inhabitants. The 
estimated Rt is important to understand the changes in 
the transmissibility of infectious diseases over time. In 
COVID-19, this parameter has been adopted to evaluate 
the effects of interventions and support the creation of 
Public Policies49. During the period from March 1, 2020, to 
June 30, 2021, Rt suffered oscillations and remained higher 
than one (R>1) for most of the studied period, with higher 
peaks at the beginning of the pandemic and in March 2021, 
illustrating a dyscontrol in the transmissibility of SARS-
CoV-2 in the analyzed period.

By analyzing the daily percentage variation in 
lethality, mortality, and incidence rates due to COVID-19, 
indicating increasing, decreasing, or stationary trend rates, 
it is possible to understand the dynamics of the pandemic 
compared to a simple rate analysis.

The highest percentage values of lethality were 
observed during the first wave in May 2020 (2.85%), and 
during the second wave and in April (4.51%) and May 
(3.08%) 2021. In this same period, the highest mortality 
rates (deaths per 100,000 inhabitants) were also recorded: 
June 2020 (25.35), April (48.90), and May (29.14) 2021. 
Despite the peaks of mortality and lethality observed 
during the second wave, stationary trends for mortality 
and decreasing for lethality were evidenced. However, the 
incidence remained increasing, with a DPC of 0.36% during 
the first wave and 0.78% during the second wave. Trends 
in lethality, mortality, and incidence rates may change 
according to the region. The stationary trends in lethality 
rates found during the first wave followed the global trend 
of lethality of COVID-19 that remained stationary between 
December 31, 2019, and August 31, 202050.

Spatial analysis
According to Bernal et al.,50, the COVID-19 

pandemic is still in a global progression phase. In the State 
of Espírito Santo, this same trend is observed today.

In the analysis of the monitoring of the spread of 
COVID-19 based on the cartographic analysis of thematic 
maps on the notifications of confirmed cases, Ferreira et 
al., (2020)51 highlight that the first cases occurred in cities 
with a larger population and have a greater connection 
with metropolises and medium-sized cities, indicating a 
possible correlation between the hierarchy of cities in the 
urban network and the spread of the virus in populations.

Moreover, the spatial propagation of COVID-19 
in the State of Espírito Santo territory followed a pattern 
of combined diffusion, with hierarchical and contagion 
stages, severely affecting the Metropolitan Region of 
Greater Vitória (RMGV) at first, but with a tendency to 
internalization in the State. In the scale of the urban space 
of the metropolitan agglomeration, there is a process of 
peripheralization, in which the central neighborhoods have 
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lower lethalities than the peripheral ones14.

The geographical analysis of the spread of SARS-
Cov-2 and the manifestation of COVID-19 shows 
that population density and mobility are determinants 
in pandemic control. The mathematical models of 
transmissibility are supported by the results observed in 
regions with denser populations that did not implement non-
pharmacological contagion prevention measures in their 
daily lives52. These variables contributed to the increase in 
viral transmissibility and the consequent manifestation of 
COVID-19, which may increase population lethality and 
mortality and the impacts already caused by comorbidities 
and advanced ages associated with more favorable 
outcomes of death.

Thus, population density/concentration and 
mobility/flow criteria were determinants for the observed 
increase in lethality and mortality during the first period of 
COVID-19 pandemic registration. The population clusters 
of the RMGV presented the highest viral transmission 
outcome, and the disease’s development was observed in 
the first cycle of the pandemic analyzed14,26,27.

Epidemiological analysis
The COVID-19 pandemic has led health systems 

to collapse worldwide. According to the World Health 
Organization53, almost all countries (90%) experienced 
some interruption in health care at the beginning of the 
pandemic, with the most considerable number reported in 
low- and middle-income countries. However, interruptions 
in essential services are widespread geographically 
around the world. In Brazil, the dissemination of SARS-
CoV-2 presented a complex epidemiological picture, 
which evidenced the greatness and diversity of the health 
care network of the unified health system (SUS) public, 
allowing the maximization of its use and rescue of its 
classic principles of universality, integrality, and equity.

In each Brazilian State, different strategies 
were observed by the health authorities to contain 
the dissemination and spread of the virus. Given the 
epidemiological picture of COVID-19, there is a need to 
develop different forms of analysis of outcomes to better 
understand the aspects of the current pandemic regarding 
lethality and mortality.

The geographic-temporal distribution of COVID-19 
cases in the State of Espírito Santo, in the Southeastern 
Brazilian Region, was performed from data clusters and 
divided into two periods: first wave and second wave of 
COVID-19, with the closing of the analysis on June 30, 
2021.

The behavior of the outcome variables lethality 
and mortality by COVID-19 evidences the difficulties 
of dealing with transmissibility due to the low testing of 
individuals in the State of EspíritoSanto. Added to these 
data clusters is the expectation of the action of herd 
immunity, which according to Kadkhoda54 this immunity 
represents the population’s immune protection to cease 
the chain of transmission of an infectious disease, which 
can be obtained through infection or vaccination. The 
adoption of strategies based on herd immunity is implicit 
in community actions and the feeling of diminishing the 
severity of the pandemic, mainly due to the absence of 

education and health actions aimed at disseminating the 
fundamental aspects of the evolving pandemic in that 
federative State28,55.

The profile of the epidemiological manifestation of 
the pandemic caused by the uncontrolled transmissibility 
of COVID-19 occurred in municipalities with similar 
demographic characteristics, high population density, 
and migration of people within and between cities of the 
State of Espírito Santo. In the first cycle of the pandemic, 
characterized by community transmission in the State 
of Espírito Santo, there was an increase in lethality and 
mortality evidenced in the records of the March data 
clusters. The commemorative date of a great migration of 
people in this period was the celebration of the largest and 
most popular Brazilian cultural festival, Carnival.

In the following months, these variables decreased, 
maintaining this behavior until October 2020. It is 
noteworthy that non-pharmacological measures of social 
distancing, as well as the cultural impregnation of the 
use of masks and local economic incentive to reduce 
agglomerations, such as the implementation of virtual 
educational platforms for non-presential (remote) classes 
at different levels of education (elementary, middle and 
university education) were adopted in all the municipalities 
of Espírito Santo.

In the epidemiological phases of the pandemic, 
three steps stand out. The first phase, consisting of 
imported cases through infected people in other countries, 
with March 2020 as the time frame. The second phase is 
characterized by local transmission when people with no 
recent international travel history become ill. This phase 
is characterized by increased lethality and mortality 
outcomes. It is also noteworthy that it is possible to identify 
the definitive host (human beings) of the etiological agent 
(SARS-CoV-2), who are usually relatives or people of 
close social life. In this way, it is possible to track cases 
and isolate suspected and confirmed cases. However, 
this type of intervention for epidemiological control/
surveillance is dependent on testing, which was very low 
in the State during the first wave of COVID-19 due to the 
still incipient availability in the national market. Finally, in 
the third phase, characterized by community transmission, 
there was an increase in confirmed cases and the number 
of people who evolved with the disease in the State of 
EspíritoSanto. It was no longer possible to identify the 
transmitting source.

In March 2020, during the first cycle of the 
COVID-19 pandemic, community contamination was 
already included in the State of EspíritoSanto. Following 
the epidemiological analysis, considering the lethality 
and mortality outcomes in the second cycle of the 
COVID-19 pandemic in the State, the evolution of the 
2nd epidemiological wave of the COVID-19 pandemic 
(November 2020 to June 2021) was characterized by a 
stationary mortality rate and decreasing lethality rate, with 
a DPC of - 0.37%. However, it is emphasized that the 
incidence remains with increasing trends illustrating the 
possibility of further contamination and subsequent wave 
formations.

Also, in this period, specifically from March to June 
2021, there was a predominance of mortality, with 50.4% 
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of all deaths that occurred since the pandemic in Brazil. 
In the distribution of mortality due to COVID-19, it was 
observed that in April, there were 82,401 victims, March 
with 66,868, May with 58,679, and June with 55,280 
deaths per 100,00 inhabitants. 

The event of the second wave of COVID-19 in 
Brazil was more lethal. In the State of EspíritoSanto, there 
were 586 deaths in June, 1,206 deaths in May, 2,024 deaths 
in April, which was more aggressive than the first, with a 
peak of incidence in March, and a rise of mortality and 
lethality in April 2021. Until July 17, 2021, Brazil was the 
sixth country with the highest mortality rate, after Peru, 
Mexico, Afghanistan, Tunisia, and South Africa.

As limitations to this study, it is emphasized that 
the statistical /epidemiological monitoring of COVID-19 
continues to be challenging due to disparities in access to 
official data and, significantly, in different locations, social 
groups, as well as divergence of data in the first months 
on any cumulative indicator of cases. In addition, the 
use of variables, such as the number of hospitalizations, 
ICU admissions, and intubations, is restricted in different 
scenarios, limiting their usefulness for national global 
analysis. There is quiescence of these indicators in the 
Brazilian information repository (DATASUS), highlighted 
as a limitation of the study under discussion.

To our knowledge, this is the first work to 
comprehensively study the epidemiological profile of the 
State of EspíritoSanto, evidencing the formation of two 
possible waves. The findings of this study, such as the 
increasing trends in the incidence rate even after one year 
of pandemic, contribute scientifically to a warning that 
prevention measures such as double facial masking and 
social distancing are reinforced even after vaccination.

Moreover, due to the limitations arising from 
incidence rates, which are dependent on the number of 
tests, the attributes of this study are also associated with the 
analyses of indicators related to the number of deaths. It is 
a more reliable indicator to reflect the size of the pandemic 
impact; data on fatalities are more comparable and faithful, 
although not entirely immune to underestimations; this 
finding characterizes a strong point in data analysis over 
epidemiological weeks from 2020 to June 2021. Another 
aspect of the importance of this study is in its state scope, 
in the sample size and territorial coverage carried out so 
far, the multidimensional nature of the research.

 CONCLUSION
The State of Espirito Santo, during the period 

from March 2020 to June 2021, presented 524,496 
accumulated cases and 11,516 deaths due to COVID-19, 
with an accumulated lethality of 2.19%, with mortality 
rates of 278.25 deaths per 100,000 inhabitants and an 
incidence of 12,672.71 cases per 100,000 inhabitants, 
with transmissibility suffering large fluctuations during the 

period.
Notifications of 126,981 comorbidities were 

recorded between the cases, and 12.324 were mentioned 
in the reports of deaths. Cardiovascular diseases (69,029 in 
cases and 6.055 in deaths), followed by diabetes (25,337 in 
cases and 3,228 in deaths), and obesity (11,855 in cases and 
1,132 in deaths) were the most prevalent comorbidities. 
Moreover, male gender and advanced age have higher 
lethality and mortality rates, with male individuals aged 
80 years or older presenting the highest rates: lethality 
(30.19%) and mortality (4,145.64 deaths per 100,000 
inhabitants).

The epidemiological profile of COVID-19 in the 
State of Espirito Santo was characterized by the formation 
of two waves, which evidenced the incidence with 
increasing trends and a Daily Percent Change of 0.78% 
during the first wave and 2.06% during the second wave. 
Although the second wave (November 2020 to June 2021) 
presented decreasing trends in lethality (DPC = -0.33%) 
and stationary mortality, this period had the highest rates of 
all indicators here discussed, and the peak of incidence in 
March (1,618.57 new cases per 100,000 inhabitants), and 
lethality (4.51%), and mortality (48.90 deaths per 100,000 
inhabitants) in April.

The pandemic is still in evolution in the State of 
Espirito Santo. Therefore, non-pharmacological measures, 
such as facial masking use, reduction of agglomerations, 
hand hygiene with soap and water or gel alcohol, as well 
as the reduction of movement of people in the State are 
still necessary measures to combat COVID-19, in addition 
to the advance of immunization with the Vaccine against 
SARS-CoV-2.
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Resumo

Introdução: a doença do Coronavírus 2019 (COVID-19) foi rapidamente declarada pandemia, e o 
Brasil está enfrentando a crise hospitalar e de saúde mais significativa de sua história. De março a 
junho de 2021 representou 50,8% de todas as mortes no Estado do Espírito Santo.

Objetivo: analisar a letalidade e mortalidade por COVID-19 no Estado do Espírito Santo no período de 
março de 2020 a junho de 2021.

Método: foi realizado um estudo ecológico, utilizando uma série histórica de dados públicos e 
oficiais disponíveis na Secretaria de Saúde do Estado do Espírito Santo, Brasil. Foram consideradas 
informações sobre casos e óbitos (de março de 2020 a junho de 2021) da COVID-19. Foram calculadas 
as percentagens de letalidade e mortalidade e taxas de incidência por 100.000 habitantes. As análises 
de séries temporais foram realizadas usando o modelo de regressão de Prais-Winsten, estimando a 
variação percentual diária (DPC), e as tendências foram classificadas como estacionaria, crescentes 
ou decrescentes. Diferenças significativas foram consideradas quando p <0,05.

Resultados: 524.496 casos confirmados de COVID-19 até 30 de junho de 2021 e 11.516 evoluíram 
para óbito. A presença de doenças cardiovasculares representa mais da metade das comorbidades 
confirmadas (54,37%) em pacientes com COVID-19, seguida de diabetes (19,95%) e obesidade 
(9,34%). Os homens apresentaram maior mortalidade e letalidade, principalmente nas faixas etárias 
mais velhas, mas a incidência foi maior entre as mulheres. Observou-se um perfil característico de 
duas ondas; a primeira onda foi estendida de março a outubro de 2020 e a segunda onda completa 
de novembro de 2020 a junho de 2021. Durante a segunda onda, altos picos de incidência, letalidade 
e mortalidade foram registrados. Ao final da segunda onda, a taxa de incidência manteve-se com 
tendência crescente (p <0,05), com DPC de 2,06%.

Conclusão: o pico de concentração de casos, óbitos e indicadores de letalidade, mortalidade 
evidenciados mesmo após um ano de pandemia, caracteriza a gravidade da pandemia COVID-19, 
ainda em evolução total no Estado do Espírito Santo e Brasil.

Palavras-chave: letalidade, mortalidade, COVID-19, SARS-CoV-2.


