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ABSTRACT

Introduction: The new coronavirus pandemic (COVID-19) is unprecedented in recorded
human history. It spread from Wuhan, China, in early December, 2019, crossing the entire
planet and reaching Brazilian shores in the following February. It was declared a pandemic
on March 11, 2020, with the first case recorded in the city of Uberaba, state of Minas
Gerais, Brazil, on March 18, 2020. Since then, we have been collecting data and assessing
the evolution of this fatal disease. Objective: In this work, we report the epidemiological
characteristics of one year of the COVID-19 in Uberaba, and discuss its implications to
the general public. Method: This is an observational, descriptive, documentary and
retrospective study to describe the epidemiological profile of COVID-19 cases in the city
of Uberaba from March 18, 2020 to March 17, 2021. Results: The study shows that the
young-working age population are those who most spread the virus; however, the elderly
are those who suffer and die the most, with slight differences regarding sex. This is in
line with the reported national and international epidemiological profiles that show a
shifting tendency of younger generations to be increasingly active on the evolution of
the pandemic. We observed two major peaks on the two epidemiological time-series,
confirmed cases and deaths, with an average age of 41 years old for the confirmed cases
and 68 for the confirmed deaths. It was also reported that the lethality rate was 2.45%,
and 80.00% of the confirmed deaths suffered from some previous health condition.
Conclusions: In this sense, a permanent epidemiological surveillance has to take place in
order to guide public health counter-measurements. The epidemiological characteristics
of COVID-19 in Uberaba and related analyses are reported in the online observatory at
https://coviduberaba.github.io.

KEYWORDS: COVID-19; Epidemiological Characteristics; Surveillance; Statistical Analysis;
Coronavirus; Public Health

RESUMO

Introducdo: A pandemia do novo coronavirus (COVID-19) é inédita na histéria humana
registrada. Espalhou-se de Wuhan, na China, no inicio de dezembro de 2019, cruzando
todo o planeta e chegando a costa brasileira no més de fevereiro seguinte. Foi declarada
pandemia em 11 de marco de 2020, com o primeiro caso registrado na cidade de Uberaba,
estado de Minas Gerais, Brasil, em 18 de marco de 2020. Desde entdo, estamos coletando
dados e avaliando a evolucao dessa fatalidade doenca. Objetivo: Neste trabalho, relatamos
as caracteristicas epidemioldgicas de um ano da COVID-19 em Uberaba e discutimos suas
implicacoes para o plblico em geral. Método: Trata-se de um estudo observacional,
descritivo, documental e retrospectivo para descrever o perfil epidemioldgico dos casos
de COVID-19 na cidade de Uberaba no periodo de 18 de marco de 2020 até 17 de margo de
2021. Resultados: O estudo mostra que a populacao jovem em idade ativa é a que mais
espalha o virus, no entanto, os idosos sdo os que mais sofrem e morrem, com pequenas
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diferencas em relagéo ao sexo. Isso esta de acordo com os perfis epidemioldgicos nacionais e internacionais relatados que mostram uma
tendéncia de mudanca das geragdes mais jovens a serem cada vez mais ativas na evolucéo da pandemia. Observamos dois grandes picos
nas duas séries temporais epidemioldgicas, casos confirmados e dbitos, com média de idade de 41 anos para os casos confirmados e 68
para os obitos confirmados. Também foi relatado que a taxa de letalidade foi de 2,45%, e 80,00% das mortes confirmadas sofriam de
alguma condicéo de saude anterior. Conclusdes: Nesse sentido, uma vigilancia epidemioldgica permanente deve ocorrer para orientar
as contramedidas de saude publica. As caracteristicas epidemioldgicas da COVID-19 em Uberaba e analises relacionadas sao relatadas

no observatorio online em https://coviduberaba.github.io.

PALAVRAS-CHAVE: COVID-19; Caracteristica Epidemioldgicas; Vigilancia; Analise Estatistica; Coronavirus; Saide Publica

INTRODUCTION

Coronaviruses are positive-stranded RNA viruses that taxono-
mically come under the family Coronaviridae and subfamily
Coronavirinae, which can be divided into four genera: Alpha-
coronavirus, Betacoronavirus, Gammacoronavirus and Deltaco-
ronavirus. In their structure, they are enveloped viruses with
a positive-sense single-stranded RNA genome having spherical,
oval or pleomorphic shape. Viruses from this family may infect a
wide variety of hosts, producing symptoms and diseases that can
be mild, moderate or fatal, such as the Severe Acute Respiratory
Syndrome (SARS), caused by the SARS-CoV, and the Middle East
Respiratory Syndrome (MERS), caused by MERS-CoV. The Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) belongs
to genus Betacoronavirus'?.

The SARS-CoV-2, baptized by the International Committee on
Taxonomy of Viruses (ICTV), contains higher conserved sequen-
ces in open reading frame (ORF) 1a/1b. SARS-CoV-2 infects
humans, and it is the etiologic agent of the Coronavirus Dise-
ase 2019 (COVID-19)"2. The structure of SARS-CoV-2 contains a
positive-sense single-stranded RNA genome packed in the virus
membrane envelope. The ORF1a is the longest ORF that occu-
pies almost two thirds of the genome. The ORF1b overlaps with
ORF1a following shorter subgRNAs (sgRNA) that encodes four
structural proteins, spike (S), membrane (M), envelope (E) and
nucleocapsid (N), in addition to others accessory proteins. The
M protein promotes membrane curvature that helps to bind
the nucleocapsid. Protein E executes an important role in viral
pathogenesis. The N protein assembles two domains that are
able to bind the viral RNA genome by different mechanisms.
N protein also interacts with nsp3, helping to pack and to encap-
sulate the genome structure inside the virions. The SARS-CoV-2
virus surface possesses S proteins that play pivotal roles in
viral attachment, fusion and entry, establishing a hot spot to
the development of therapeutics against the virus. SARS-CoV-2
S protein includes the receptor binding domain (RBD), known
to interact strongly with the receptor angiotensin converting
enzyme 2 (ACE2)234,

On March 11, 2020, the outbreak of COVID-19 was elevated to a
pandemic status by the World Health Organization (WHO), mea-
ning that the disease affects several different countries’. The
first case was described in the Chinese city of Wuhan on Decem-
ber 1, 2019. In Brazil, the first case was reported on February 25,
2020, in the city of Sao Paulo, whereas the first case in Uberaba
was reported on March 18, 2020°¢.

http://www.visaemdebate.incgs.fiocruz.br/

The high transmission of SARS-CoV-2 has caused a greater abso-
lute number of deaths than the combination of the epidemics
caused by SARS-CoV and MERS-CoV. By the end of this work, at
the end of October, Brazil had a lethality rate of 2.8%, a mor-
tality rate of 289 per 100,000 inhabitants®. The epidemiological
data of individuals infected by the virus, as analyzed in a Bra-
zilian study, showed a number of 514,200 patients in the period
ranging from February 25 to May 31 of 2020. Patients were pre-
dominantly male, with an average age of 59 years. The death
rate was approximately 5.7% and 83.7% of these individuals con-
firmed with COVID-19 showed at least one medical condition:
66.5% had cardiovascular disease and 54.5% had diabetes’.

Several studies have been carried out in Brazil with the aim of
evaluating the incidence and prevalence of COVID-19 in states
such as Ceara®?, Roraima'?, Parana'!, regions such as the Ribeira
Valley'?, Amazonia', South' and Brazilian municipalities such as
Uberlandia®™ and Patos de Minas, in the State of Minas Gerais'e,
and Teixeira de Freitas in Bahia'.

Uberaba, a city in the Tridngulo Mineiro, has a land area of
4,539.57 km? and an estimated population of 340,277 people®.
Isolation measures in the city of Uberaba began on March 18,
2020, with the suspension of surgical services, attendance in cli-
nics and other areas related to health. Soon after, the isolation
measures took greater proportions, with the closing of commer-
cial establishments, leisure places and restaurants, leaving only
services considered essential, such as supermarkets, pharma-
cies and hospitals open. Establishments were allowed to reopen
with mandatory protective measures, such as social distancing,
hygiene, and mandatory use of masks in May 2020. By the end
of 2020, a decree prevented the operation of in-person teaching
networks, restaurants, gyms, parties and the like™.

With the continuous unfolding of the pandemic, the COVID-19
Observatory - Uberaba?® was created - an initiative by resear-
chers from the Federal University of Triangulo Mineiro (UFTM)
in partnership with the Uberaba City Hall. The group presents
weekly reports with information about the epidemiology of the
disease, helping to provide the population with safe information
via website (https://coviduberaba.github.io) and contributing
to raise awareness about the situation.

Given that, this work aimed to outline an epidemiological profile and
to understand the dynamics of the disease in the city of Uberaba.
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METHOD

Study region

The city of Uberaba is a Brazilian municipality located in the
Triangulo Mineiro region of the State of Minas Gerais (MG). Accor-
ding to the Brazilian Institute of Geography and Statistics (IBGE),
the estimated population of Uberaba in 2020 is 340,277 inhabi-
tants, of which 48.8% are male and 51.2% are female.

Data collection

This is an observational, descriptive, documentary and retros-
pective study to describe the epidemiological profile of COVID-19
cases in the city of Uberaba from March 18, 2020 to March 17,
2021. The variables analyzed were: number of cases and dea-
ths by epidemiological weeks, sex and age range of confirmed
cases, sex and age range of confirmed deaths and previous indi-
cation of medical conditions in the confirmed deaths. Data were
organized, tabulated and analyzed using the software Microsoft®
Excel version 2000 and the software R-Project 4.0 version 2016
(https://www.r-project.org).

Ethics statement

Strict ethical and professional aspects were followed, main-
tained, and respected as set by the National Health Council
in the Resolution n° 466 of December 12, 2012. The resolution
recommends that research involving only secondary data from
public domain, without nominal identification of the rese-
arch participants, does not require analysis by the Research
Ethics Committees.
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Statistical analysis

Data were compiled and tabulated to determine simple frequen-
cies (n), relative frequencies (%), means and standard deviation
(£). Results are presented in contingency tables and graphs.

RESULTS

The study presents an analysis of reported cases of COVID-19 in
the city of Uberaba, state of MG, Brazil, during one year of the
pandemic. The first reported case was on March 18, 2020 and, by
March 17, 2021 the city accounted for 17,254 reported cases of
people infected by the new coronavirus. The first peak in the city
occurred on September 21, 2020, with a moving average of daily
cases of 107 cases. After this date, the moving average of daily
cases started to decelerate, returning to break records in the
second wave that started in the first half of January 2021, with
120 daily cases reported in the moving average and a new peak on
March 10, 2021, with a moving average of daily cases of 129 cases.

Figure 1 shows the frequency of reported cases of COVID-19 by
epidemiological weeks. The first peak occurred in epidemiologi-
cal week number 38 (S38) in the year 2020, with 735 cases, while
the second peak, in the studied period, was in S10 in the 2021,
with 885 cases. This represents a 20.00% increase of the repor-
ted cases. In addition, the city reported 9,741 cases in the year
2020. Until March 17, 2021, the city already had 7,513 cases,
which represents 77.00% of the total of the previous year.

Considering the sex variable, in Figure 2(a) 51.69% of the reported
cases of COVID-19 were female, whereas 48.31% were male. The
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Figure 1. Total number of confirmed cases organized by epidemiological weeks in the city of Uberaba, state of Minas Gerais (MG), Brazil, during one

year of the pandemic, from March 18, 2020, to March 17, 2021.
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female group was, on average, older (41.64 years + 16.97) than
the male group (40.67 years + 16.27). Figure 2(b) shows, in green,
the relative frequency of reported cases of COVID-19 by age group
in the city of Uberaba from March 18, 2020, to March 17, 2021.
The most affected age group was the one ranging from 30 to 39
years, with 25.83% of total cases. The 20 to 49 age group accounts
for 64.75% of the reported cases of COVID-19 in Uberaba. The
average age of the total number of cases was 41 years + 16.64.

COVID-related deaths were also investigated and can be visuali-
zed in Figure 3 according to the epidemiological weeks. The first
peak occurred in S41 in the year 2020 with 12 deaths, while the
second peak appeared in S11 in the year 2021 with 38 deaths.
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This represents a 216.00% increase. The record in confirmed daily
deaths was registered in March 2021, with ten reported deaths.
Figure 4(a) shows that the average age of confirmed deaths was
68.85 years (+ 15.68). Figure 4(b) shows the relative frequency
of reported deaths of COVID-19 in the city of Uberaba grouped
by age. As of March 17, 424 deaths were reported, indicating
a general lethality rate of 2.45%. The minimum age was one
year and the highest age was 103 years. 75.00% of the deceased
were older than 59. Figure 4(b) indicates that the age group that
stands out is the one from 70 to 79 years, 26.18%.

It is possible to analyze the lethality degree of the new coro-
navirus by age group. Figure 2(b), in purple, also compares
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Figure 2. Total number of confirmed cases organized by the groups gender (2a) and gender (2b) in the city of Uberaba, state of Minas Gerais (MG),
Brazil, during one year of the pandemic, from March 18, 2020, to March 17, 2021.
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Figure 3. Total number of confirmed deaths organized by epidemiological weeks in the city of Uberaba, state of Minas Gerais (MG), Brazil, during one

year of the pandemic, from March 18, 2020 to March 17, 2021.
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confirmed deaths with reported cases of COVID-19 by age group
of affected population. The younger age population shows the
highest incidence of cases, yet with a very low lethality rate.
The highest lethality was found in the age group of 90 years or
older, with 34.62% of deaths among the reported cases from
this age group, as shown in Figure 4(b). Most deaths were
from the male sex (57.78%). The lethality rate among men was
2.93%, whereas among women, the rate was 2.00%. The fema-
les showing higher average age (71.41 years + 15.92) than male
(67.00 years + 15.30).

Medical conditions of the deceased were also analyzed and orga-
nized in Figure 5(a). According to the frequency of diagnosis,
the prevailing medical conditions were: hypertension (39.00%),
heart disease (21.43%), diabetes (21.43%), obesity (8.30%) and
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other medical conditions (18.15%), as indicated in Figure 5(a).
The mean age of the group with no comorbidities who died was
lower (61.90 years + 17.01) than the group that reported having
medical conditions (70.58 years + 14.86).

Figure 5(b) groups the number of comorbidities in individuals who
died from coronavirus. In relation to 424 deaths, 85 (20.04%) did
not indicate any previous comorbidities. Among these, 32.94%
were female and 67.05% were male.

DISCUSSION

This study traced the epidemiological profile of the city of
Uberaba-MG in the first year of the COVID-19 pandemic. The
results of this epidemiological investigation indicate a greater
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Figure 4. Total number of confirmed deaths organized by the groups age and gender in the city of Uberaba, state of Minas Gerais (MG), Brazil, during

one year of the pandemic, from March 18, 2020, to March 17, 2021.
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Figure 5. Most frequent medical conditions among the 424 recorded deaths from COVID-19 in the city of Uberaba, MG, Brazil, during one year of the

pandemic, from March 18, 2020, to March 17, 2021.
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involvement of females, aged between 20 and 49 years. Regar-
ding deaths, there is a higher mortality rate in males, aged over
60 years, with a history of hypertension, heart disease, diabetes,
obesity, among others.

With respect to contamination, our results show that the most
affected age group is the 30-39-year age category, and the most
affected sex - despite the slight difference - is the female one.
On average, the age of the infected individuals is 41 and fema-
les were older than males. That is, infected men are younger
than women.

With respect to deaths, the occurrence is more frequent in indi-
viduals over 60, with at least one medical condition. The letha-
lity rate for men is 1.5 times higher than that of women, and
men were, on average, younger than women. Men dying from
COVID-19 are younger and have fewer medical conditions com-
pared to women.

As of March 17, 2021, the COVID-19 pandemic in Uberaba
resulted in 17,254 reported cases, with a peak of 129 cases on
March 10, 2021. It is observed that the total number of cases
in 2021 until March 17, in just eleven weeks, represents more
than 77.00% of the total cases in 2020. The biggest peak of the
second wave in the city of Uberaba happened in epidemiologi-
cal week number 20, in mid-June, with more than 1,300 cases
per week?. The difference in the total number of cases from
the first peak to the second, in the period studied and throu-
ghout the rest of the year, is explained by the new variants
that emerged in the country that contributed to the increase
in the incidence of cases and deaths?'. The disease was also
responsible for 424 deaths in the city, of which 42.60% were
notified in the period studied in 2021, coinciding again with the
emergence of new variants.

The first peak of reported cases in Brazil occurred on July 29,
2020¢, and a possible explanation to this difference relates to the
fact that the pandemic started in the Brazilian capitals, mainly
those with international airports. Based on the sequencing and
analysis of viral genomes, another Brazilian study showed that
there were more than 100 international entries of the virus in
Brazil, mainly from European countries. During the initial stage
of the pandemic, capitals with international airports suffered
the first peaks of the disease, progressively spreading to interior
regions such as the Triangulo Mineiro.

Our study also revealed that the 20-49-year age category gathe-
red the highest number of contaminated individuals. On ave-
rage, they were 41 years old. These data are in accordance with
studies carried out in Pakistan, where contaminated individuals
were, on average, 47 years old, with the 20-69 age category
showing a higher frequency of infections?2. Similar results were
observed in one of the first descriptions of the epidemiological
characteristics in Wuhan, with a mean age of 49 years old®* and
Australia, mean age of 37%. National studies also came to the
same conclusions with the example of Macapa?®, with a mean
age of 40 years old, and the state of Santa Catarina?, with
the same age group revealed as the most affected one. This
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scenario can also be explained by the risk factors to which this
group is exposed, such as professional occupations, lifestyle,
absence of comorbidities or use of medications, which may
reflect social and cultural factors?’. Possible genetic explana-
tions will be necessary to complete the interaction of age, sex
and risk factors?.

With respect to the biological sex of reported cases, our study
shows that, although subtle, there are differences both in the
frequencies of man and women and in the rate of incidence
between the sexes. Women stand out in this phase of the study,
a result that differs from the investigation that analyzes the pan-
demic in Brazil and reveals that 57.00% of those affected are
men’. However, the frequency of infected men (49.10%) and
women (50.90%) is identical to the results presented in January
2021 in Southeast Asia and the Western Mediterranean and is
also close to African frequencies (47.00% and 53.00%, respecti-
vely)?. The statistical analysis of the data supports that there is
a relationship between age and biological sex, and that infected
women are older than men?.

Our data revealed that until March 17,2021, 305 deaths from
COVID-19 were registered, indicating a general lethality rate of
2.45%. the mortality rate in Uberaba is higher than the average
mortality rate in Brazil (2.45, Uberaba, 2.40, Brazil)®, and that
of the state of Minas Gerais - 2.09%, considering the same period
of study®.

The median age of the individuals who died in the city was
71 years old, most of them were older than 60 and the age cate-
gory with the highest lethality was that of 90 years old or over.
This age pattern found in Uberaba relates with data found in the
USA, where 80.00% of the deceased were elderly patients aged
65 or older, and patients aged 853'. Also, in national studies such
as the one in the state of Macapa®, the highest lethality rate was
observed in elderly people older than 70. One of the possible
explanations is that, in general, infections in older people are
atypical and some factors may contribute to the high incidence
of death, such as physiological changes caused by the aging pro-
cess, medical conditions and use of various medications. Advan-
ced age, therefore, is considered the main risk factor for compli-
cations of COVID-193'. The senescence also affects immune cells,
and features of immunosenescence characterized by decreased
native T-cells, increased memory T-cells, and poor response to
newly encountered antigens®.

In addition to the age factor, some investigations reveal that
the biological sex may be associated with the increase in deaths
from COVID-19%. In our study, most deaths are from the male
sex. Investigations conducted in China, South Korea, USA and
Italy showed a higher death rate in male patients??343. This dif-
ference between sexes may be due to a combination of biolo-
gical factors, such as differences in chromosomal composition,
reproductive organs and sex-related hormones. Gender-spe-
cific factors may also play a role, such as behavioral differen-
ces (smoking and drinking habits) and many medical conditions
which are more frequent in men2?:3,
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Regarding the chromosome difference, human females have two
X chromosomes, while human males have just one. It is known
that the process of X-inactivation in women occurs so that, phy-
siologically, there can be dosage compensation. However, 15% to
20% of the genes escape from inactivation in humans, resulting
in a higher number of copies in women than in men?®”:*, Hence,
as the X chromosome encodes some genes related to immune
responses, women have a lower level of viral load and less
inflammation compared to men3. Our data showed no difference
between contamination of men and women, yet it is documen-
ted that women have stronger innate and humoral immune res-
ponses than men, and therefore are less susceptible to bacterial,
fungal, parasitic and viral infections®.

When it comes to hormonal differences, sex steroids, including
testosterone, estrogen and progesterone are potent regulators
of immune and inflammatory regulatory responses. Estrogen in
women can have immune-boosting effects while testosterone
secreted by testicles can have immunosuppressive ones®#'.
Testosterone can also predispose men to COVID-19 infection by
means of co-regulation of the expression of the angiotensin-
-converting enzyme 2, which may facilitate the entry of virus
in cells, thus increasing the number of infected men and the
disease severity“.

When analyzing the age of death in men and women, it can
be noticed that male individuals have a lower mean age than
females. A study that investigated the immune response to
SARS-CoV-2 infection showed that male patients have a high
level of interleukin 18 (IL-18) with a more robust induction
of non-classical monocytes, while women have a more robust
activation of T cells than men during infection. A low correla-
tion between the patients’ age was associated with a worse
prognosis in men than women®, which may also explain the
higher frequency of deaths in men at an earlier age. It is also
important to note that many factors can accelerate the indivi-
dual’s biological age, including diet, physical exercise, habits
and some comorbidities*.

Studies analyzing COVID-19 clinical and epidemiological data
suggest that some medical conditions increase the risk of
infections with worsening lung injury and death. The most
common medical conditions are hypertension, cardiovascular
diseases and diabetes®, in line with our study in which the
majority of patients who died presented these medical con-
ditions. Our study shows that the mean age of those from the
group with no medical condition who died is lower than those
from the group with at least one medical condition who died.
In addition, women, on average, have more medical condi-
tions than men.

It is well established that the virus uses angiotensin-converting
enzyme 2 (ACE2) receptors, which are on the surface of host
cells, to enter the cell. Several comorbidities are associated
with this receptor. Hypertensive patients often use ACE2 inhi-
bitors and angiotensin receptor blockers in their treatments.

http://www.visaemdebate.incgs.fiocruz.br/
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These inhibitors increase the expression of the ACE2 receptor,
leading to an increased susceptibility to SARS-CoV-2 infec-
tion*. This increase in the expression of recipient cells in the
lungs raises the chances of severe lung injury and respiratory
failure®. When it comes to cardiac patients, there is a high
risk due to the presence of ACE2 receptors in the cardiac mus-
cles, increasing the occurrence of acute coronary syndrome
that can lead to myocardial injury or infarction. An increase in
inflammatory cytokines in COVID-19 can lead to ischemia and
thrombosis*. In relation to diabetes, there is a protein called
furin that is expressed at high levels in patients with this dise-
ase. The SARS-CoV-2 spike protein (S) is activated by increased
levels of furin. This pre-activation of the protein S allows the
entry of the virus into the cell by the ACE2 receptors, which can
be life-threatening to diabetic patients®.

CONCLUSIONS

Finally, as we already know, the COVID-19 pandemic has brou-
ght relevant impacts on people’s health and on the mobility
dynamics of populations. In Uberaba, the epidemiological
characteristics of the pandemic showed a total of more than
17,000 reported cases and more than 400 deaths recorded in a
year of the pandemic. The beginning of the year 2021 contri-
buted with many cases and deaths and this increase coincided
with the emergence of new variants. The patterns of incidence,
age group and biological sex found in this study are similar in
different regions of the country and the world. Young people
are more affected by the disease; however, older adults show
higher lethality rates. Factors such as lifestyle and prevalence
of medical conditions are associated with the results and con-
clusions found.

The analysis of the epidemiological characteristics of individuals
affected by the COVID-19 is important so that all branches of
the government can determine actions and measures in favor
of public health. The dissemination of the epidemiological cha-
racteristics and its analysis also serve to alert the population
of their conduct in the midst of an unprecedented pandemic
like this. The recent vaccination of the population should not
be used as a relief to reduce care and prevention against the
virus. New variants are spreading faster than the December 2019
Wuhan version, which makes the coronavirus epidemiological
surveillance permanent.

Vaccination in the city of Uberaba began on January 20th with
health professionals. Until the period studied on March 17, 2021,
only the elderly over 85 years old had received the doses. Within
the period, it was not possible to affirm a decrease in the morta-
lity rate of the elderly.

We must make sure we use those tools effectively, which
means using them in all countries to protect the most
at-risk groups. That’s the best way to save lives, end
the pandemic, restore confidence and reboot the global
economy. But we’re making progress¥.
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