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ABSTRACT

COVID-19 is an infectious disease caused by the recently discovered coronavirus
SARS-Cov-2. The disease became pandemic affecting many countries globally, including
Brazil. Considering the expansion process and particularities during the initial stages of
the epidemic, we aimed to analyze the spatial and spatiotemporal patterns of COVID-19
occurrence and to identify priority risk areas in Minas Gerais State, Southeast Brazil. An
ecological study was performed considering all data from human cases of COVID-19
confirmed from the epidemiological week (EW) 11 (March 08, 2020) to EW 26 (June 27,
2020). Crude and smoothed incidence rates were used to analyze the distribution of disease
patterns based on global and local indicators of spatial association and space-time risk
assessment. Positive spatial autocorrelation and spatial dependence were found. Our results
suggest that the metropolitan region of the State capital Belo Horizonte (MRBH) and
Vale do Rio Doce mesoregions, as major epidemic foci in the beginning of the expansion
process, have had important influence on the dispersion of SARS-CoV-2 in Minas Gerais
State. Triangulo Mineiro/Alto Paranaiba region presented the highest risk of infection. In
addition, six statistically significant spatiotemporal clusters were identified in the State,
three at high risk and three at low risk. Our findings contribute to a greater understanding of
the space-time disease dynamic and discuss strategies for identification of priority areas for
COVID-19 surveillance and control.
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INTRODUCTION

Since December 2019, when the new coronavirus SARS-CoV-2 emerged in
Wauhan, China, humanity has faced a serious global health crisis’. New and numerous
cases emerged quickly in Asian countries, such as Thailand, Japan, South Korea
and Singapore, spreading to Europe and other continents, which led the World
Health Organization (WHO) to enact it a Public Health Emergency of International
Concern on January 30", 2020, and a pandemic on March 11", 20202. In Brazil,
the first confirmed case was reported on February 26", 20203, and, since then, the
notification curve increased uninterruptedly, making the country one of the nations
with the highest contagion rates*. One month later, on March 27%, 3,417 cases had
been confirmed in Brazil, 70% of which were concentrated in nine cities: Sao Paulo,
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Rio de Janeiro, Fortaleza, Brasilia, Porto Alegre, Salvador,
Curitiba, Manaus and Belo Horizonte®.

Estimates of March, 2020, regarding the most
vulnerable areas for COVID-19 in Brazil, both in terms of
risk of introduction and mortality associated with social
vulnerability (according to human mobility statistics),
had already pointed Belo Horizonte as one of the capitals
that could be affected®. Nevertheless, the incidence rates
in the capital of Minas Gerais were not as high as in Sao
Paulo and Rio de Janeiro, as strict measures were adopted
to control the spread of the virus, with the closure of local
commercial establishments until the flexibilization process.
Possibly due to this strict control, the incidence in the
capital was not among the highest in the State during the
period evaluated, but possibly influenced the spreading to
other regions of Minas Gerais State. These interventions
need to be described, discussed and could be useful during
epidemic processes for governmental measures in similar
contexts in Brazil.

According to data available on September 11%, 2020,
the country was the third in the world with the highest
number of confirmed cases of COVID-19, totaling
4,238,446 cases and 129,522 deaths’. Among the countries
with a population of over one million inhabitants, Brazil
appeared in the 7" position in the epidemiological
week (EW) 36, with a coefficient of 1.96 cases per
100,000 inhabitants. The highest incidence coefficients were
observed in the North region (3.0 per 100,000 inhabitants)
followed by the Midwest (2.8 per 100,000 inhabitants),
Northeast (2.0 per 100,000 inhabitants), Southeast
(1.6 per 100,000 inhabitants), and South (1.5 per
100,000 inhabitants)3.

In Minas Gerais State (MG) located in the Southeast
region of Brazil, the first confirmed COVID-19 case
occurred on March 9, 2020, in the city of Divinopolis, being
reported in a woman who had returned from Italy. By the
end of April 2020, the COVID-19 epidemic was expanding
with great geographical dispersion in Minas Gerais State,
with many cases and deaths reported outside the capital®®.
Genomic data and epidemiological information of travelers
returning to Minas Gerais allowed the identification of
several independent viruses introductions in the State'.
Thus, Minas Gerais has been identified, along with Sao
Paulo and Rio de Janeiro, as one of the Brazilian States
that received the greatest number of infected individuals
returning from international travels'. The disease spread
throughout the State and on September 11, 2020, it was
present in 842 municipalities, corresponding to 98.7% of
Minas Gerais municipalities. On this date, 246,149 cases
and 6,114 deaths by COVID-19 had been confirmed in the
State'2.
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Considering the epidemiological profile of COVID-19,
space-time studies are important to analyze variations in
the aggregation and dispersion of the disease. In Brazil,
some studies have evaluated the spatial dynamics of
COVID-19 in States like Sao Paulo''*, Pernambuco',
Sergipe'® and Minas Gerais'”?°. Thus, the main objective
of this study is to analyze the spatial and temporal patterns
of confirmed cases of COVID-19 in Minas Gerais, from
March 8" (EW 11) to June 27" (EW 26), 2020. A better
understanding of the COVID-19 standards in Minas Gerais
could provide strategic information for decision making
directed to disease control.

MATERIALS AND METHODS
Design and study area

This is an ecological study that analyzed the spatial and
temporal patterns of confirmed cases of COVID-19 from
the EW 11 (March 8%, 2020) to EW 26 (June 27", 2020),
reported by the State Health Secretariat of Minas Gerais
(Secretaria Estadual de Saude de Minas Gerais — SES/MG).
The units of analysis were all the 853 municipalities, which
were analyzed considering their grouping in 12 mesoregions
of Minas Gerais State.

Minas Gerais is one of the 27 federative units of
Brazil, located in the Southeast region of the country. It
has an area of 586,521.24 km? and ranks fourth among the
largest States in territorial extension. Minas Gerais is the
second most populous State in Brazil, with an estimated
population of 21.3 million inhabitants in 2020, and has the
highest number of municipalities. These municipalities
are grouped in 12 mesoregions: Campo das Vertentes;
Central Mineira; Jequitinhonha; Metropolitan Region of
Belo Horizonte (MRBH) (Regiao Metropolitana de Belo
Horizonte); Northwest of Minas; North of Minas; West of
Minas; South/Southwest of Minas; Triangulo Mineiro/Alto
Paranaiba; Vale do Mucuri; Vale do Rio Doce; and Zona
da Mata (Figure 1). The State capital is the municipality
of Belo Horizonte, whose metropolitan region concentrates
six million inhabitants®'.

Source and adjustment of data

In this study, the analyzed data refer to the number of
confirmed cases of COVID-19 notified by the municipalities
and available in the SES/MG notification system. Aiming
to correct misreports in the number of confirmed cases,
SES/MG started inserting negative values for cases reported
incorrectly in the municipalities (cases that were not
confirmed by laboratory testlater ), but without identifying
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Figure 1 - Mesoregions and municipalities of Minas Gerais State, Brazil.

the date of the error. To adjust data for the analysis, negative
records were subtracted from the historical series of the
municipality. Most of the negative records referred to a
few cases and were automatically removed. When the
negative records were greater, the strategy adopted was to
proportionally subtract them from the days with a greater
number of cases, thus avoiding “breaks” in the epidemic
curves.

Incidence rates and spatial analyses

Incidence rates were calculated aggregating periods of
two weeks for all the municipalities of Minas Gerais. To
calculate the incidence rates, each case was aggregated
by the municipality of residence (analytical unit). The
population estimates were set considering projections of
the Federal Court of Audit (Tribunal de Contas da Uniao
— TCU) calculated yearly for each municipality, based on
data from the Brazilian Institute of Geography and Statistics
(Instituto Brasileiro de Geografia e Estatistica — IBGE)?.
The two-week time aggregation was chosen for the temporal
and spatiotemporal analyzes because weekly data was too
noisy, especially for small municipalities.

To estimate the spatial variability of area data, the spatial
proximity matrix or neighborhood matrix was created.
Given a set of n areas {Al, . An}, we construct the matrix
W® (n x n), in which each of the elements W, represents
a measure of proximity between A; and A,. Data were
smoothed using the empirical Bayes method, as an estimate
correction for underreporting based on neighbors, and the
two-week aggregation provided more robustness for the
COVID-19 incidence data for the spatiotemporal analyses?®.
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The Directional Distribution Ellipse provides knowledge
of the spatial distribution of events in two directions: cluster
identification and orientation. The largest axis defines the
direction of maximum dispersion of the distribution, while
the smallest is perpendicular to the largest one and defines
the minimum dispersion. This tool transforms the random
spatial distribution of COVID-19 cases into an ellipse.
Ellipses mark the areas with higher concentrations of cases
and provide information about the asymmetry and spatial
distribution of the cases?*.

The Global Moran Index (Moran’s I) was used to verify
whether incidence rates in neighboring municipalities
occurred at random and was calculated for each group
of epidemiological weeks?®. The index considers in its
calculation the number of areas, the value of the attribute
considered in the area, the average value of the attribute
in the study region, and the elements of the neighborhood
matrix. It was used to verify the occurrence of positive or
negative spatial autocorrelation. In a second step, Local
Indicators of Spatial Association (LISA) were used to
identify purely spatial clusters. The Moran’s Global index
generates value for the entire study area, after the global
Moran Index has been carried out by LISA. Unlike the
Moran’s Global index, LISA generates a value for each unit
of analysis, so LISA breaks down the Moran’s Global index,
generating a value for each unit of analysis. In this way,
each municipality was classified according to its position
within the quadrants of the Moran dispersion graph as
follows: Quadrant 1 (High-High) corresponding to the areas
of highest priority; Quadrant 2 (Low-Low) corresponding
to the areas of lowest priority; and Quadrant 3 (High-Low)
and Quadrant 4 (Low-High) corresponding to areas of
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intermediate priority?®. The clusters that presented a
p-value < 0.05 in the LISA test were considered statistically
significant.

For the identification of high and low risk space-time
clusters of COVID-19 the spatial scan statistical analyses
were performed using the case data set, population, and
location. To perform the tests, the following data were
entered into the software for each municipality: (1) number
of cases, (2) week of infection, (3) population average,
and (4) geocode?’. Space-time analyses were established
using time standardized in days, adjusted for day-of-week
data with the space-time scanning technique considering
a Poisson probability distribution, with the following
settings: non-occurrence of geographical overlapping of
clusters, maximum spatial size of each cluster equal to 50%,
maximum temporal size of each clusters equal to 13% of the
study period and the measurement of a minimum number
of two cases and the level of significance set at p < 0.05
using the SaTScan software (Version 9.4.4, SaTScan™,
Boston, MA, USA). In order to compare the different in
incidence rates of each municipality by means of Monte
Carlo simulations, relative risk (RR) values of occurrence
of COVID-19 were calculated for each cluster with regard
to its neighboring locations. The RR value is calculated as
the observed value divided by the expected one within the
cluster, divided by the observed value that in turn is divided
by the expected value outside the cluster.

The database was organized using Microsoft Excel
version 2013. The tabulated database was merged with the
spatial database from IBGE using the softwares ArcGis
(Version 10.4, ESRI, Redlands, CA, USA) and GeoDa
(Version 1.4, GeoDa Center, Arizona, USA). The resultant
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database was used for the elaboration of descriptive
choropleth maps of the variables and the spatial analysis.
To identify spatiotemporal clusters, the software (Version
9.4.4, SaTScan™, Boston, MA, USA) for scanning statistics
was used.

Ethical considerations

This study used secondary data and all the information
presented is available in public domains. Non-nominal,
open access, aggregated data available in databases
were obtained from the SES/MG. Nevertheless, this
study was submitted to and approved by the Ethics
Committee of the Federal University of Ouro Preto (CAAE
32267920.7.0000.515).

RESULTS
Trend analysis

Figure 2 shows the incidence rates for all mesoregions
of Minas Gerais State between EWs 11/12 and 25/26
(larger plot). The smaller plot highlights the historical
series between EWs 11/12 and 17/18, when incidence
rates were lower. Between EWs 11 and 14, MRBH stood
out with the highest incidence rates. From EW 15, the
mesoregions West of Minas, South/Southwest of Minas,
Triangulo Mineiro/Alto Paranaibaand Zona da Mata
began to show incidence rates close to that observed in
the MRBH and higher than that of Minas Gerais State.
In EWs 17/18, the Vale do Mucuri mesoregion presented
a high increment in its incidence rate. In EWs 19/20, the

Central Mineira

Metropolitan of de Belo Horizonte
=—e—North of Minas
= South/Southwest of Minas

19/20 21/22 23/24 25/26

Epidemiological Week

Figure 2 - COVID-19 time-series by mesoregions of Minas Gerais State, Brazil.
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incidence rate of Zona da Mata stood out and showed a
gradual increase over the weeks, peaking in EWs 25/26.
As of EWs 23/24, the mesoregion Triangulo Mineiro/
Alto Paranaiba stood out with the highest incidence rates,
followed by Vale do Rio Doce, Northwest of Minas, Vale
do Mucuri and Zona da Mata. MRBH showed an increase
in its incidence rate up until EWs 23/24, when its curve
reduced the slope. Campo das Vertentes showed a sudden
increase in the incidence rate by EWs 21/22, which was
followed by a decrease.

Almost all mesoregions showed a continuous increase
in their incidence coefficients, some of which were
more accelerated. The mesoregions North of Minas and
Jequitinhonha remained with the lowest incidence rates
throughout the evaluated period.

EWs 11/12

EWs 13/14

Spatial analysis

Incidence patterns

In EWs 11/12, confirmed cases occurred in cities of the
mesoregions Triangulo Mineiro (Patrocinio, Uberaba, and
Uberlandia), South/Southwest of Minas (Pocos de Caldas),
West of Minas (Divinopolis), MRBH (Belo Horizonte,
Contagem, Betim, Sete Lagoas, and Mariana), Vale do Rio
Doce (Ipatinga, Timoteo, and Coronel Fabriciano), and
Zona da Mata (Juiz de Fora) (Figure 3).

As of EWs 13/14, the disease expanded to the Northwest
of Minas (Vazante, Paracatu, and Unai), Campo das Vertentes
(Barbacena, Lavras, and Sao Joao Del Rey), Central Mineira
(Bom Despacho), North of Minas (Janauba and Montes
Claros) and Vale do Mucuri (Nanuque) (Figure 3).

EWs 15/16

EWs 17/18 EWs 19/20

EWs 21/22

EWs 23/24 EWs 25/26

Incidence rate per
100,000 inhabitants
[ Mesoregion

0-0
0-10
[110-50
[ 50 - 100
I 100 - 300
0 150 300 450 600 km I 300 - 1000
I T T T 1 I 1000 - 2500

Figure 3 - Spatial distribution of the incidence rates of COVID-19 in cities of the mesoregions of Minas Gerais State, Brazil.
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By the EWs 15/16, all mesoregions of the State
had registered confirmed cases of COVID-19, with
Jequitinhonha being the last mesoregion to notify cases. It
was observed that in EWs 23/24 all mesoregions, except for
Campo das Vertentes, had municipalities with an incidence
rate higher than 100 per 100,000 inhabitants (Figure 3).

Spatial clusters and spreading

Table 1 presents Moran’s I for the incidence rates of
confirmed cases of COVID-19 for each group of EWs in
Minas Gerais State. During all the studied time periods,
the global spatial autocorrelation was statistically non-null
(p < 0.01) but presented a weak magnitude.

When analyzing the local spatial autocorrelation and
the directional distribution ellipse (Figure 4), it is possible
to observe clustering patterns and spreading of COVID-19
epidemic foci in the municipalities of Minas Gerais over the
EWs. The LISA showed how the groups of municipalities
classified as High-High, which were in a more critical
situation regarding the incidence of COVID-19, were
dispersed throughout the State over time. This dispersion
occurred from the mesoregions MRBH and Vale do Rio
Doce, which had municipalities classified as High-High in
the first fortnight (EWs 11/12). In EWs 13/14, the ellipse
expanded as the number of municipalities classified as
High-High increased through the State, being observed in
the mesoregions of the Triangulo Mineiro/Alto Paranaiba,
South/Southwest of Minas, West of Minas, Central Mineira,
Zona da Mata, and MRBH. In EWs 15/16, the ellipse
shifted to the mesoregion South/Southwest of Minas. In the
following weeks and until EWs 21/22, it expanded again,
with municipalities classified as High-High in the West of
Minas, MRBH, Zona da Mata, South/Southwest of Minas
and Vale do Rio Doce.

In EWs 23/24, the mesoregions Northwest of Minas

and Triangulo Mineiro/Alto Paranaiba have also presented
groups of municipalities classified as High-High by LISA.
In EWs 25/26, groups of municipalities classified as High-
High were observed in seven mesoregions: MRBH, Vale do
Rio Doce, Zona da Mata, Triangulo Mineiro/Alto Paranaiba,
Northwest of Minas, Central Mineira and Jequitinhonha.
The North of Minas and Campos das Vertentes did not
present municipalities classified as High-High until EW
26, despite the groups of municipalities classified as High-
High in the mesoregions neighboring Campos das Vertentes
(Figure 4).

The mesoregion Triangulo Mineiro/Alto Paranaiba
recorded high incidences, mainly in EWs 23/24 and
25/26, which contributed to the emergence of groups of
municipalities with High-High and High-Low classifications.
Despite registering an increase in incidence and remaining
among the mesoregions with the highest incidence rates
over EWs 17/18 and 21/22, this mesoregion did not present
High-High groupings during this period, which may be
attributed to the much larger explosion of cases in the
South/Southeast of Minas, Vale do Mucuri, Zona da Mata,
Campo das Vertentes and Vale do Rio Doce. This is because
the threshold used in the LISA classification varied among
the fortnightly intervals analyzed (Figure 4).

The Vale do Rio Doce mesoregion cluster, more
specifically located in the Vale do Aco, had three High-
High municipalities in EWs 11/12, maintained at least one
municipality with High-High or High-Low classification
until EWs 17/18, registered no significance in the EWs
19/20, and resumed growth in the EWs 25/26, when it
reached nine municipalities classified as High-High. The
MRBH cluster registered growth in the first two weeks,
disappeared in EWs 15/16, returned in EWs 17/18,
decreased again in EWs 19/20, and, since then, has shown
continuous growth , reaching neighboring regions located
to the South (Figure 4).

Table 1 - Global Moran Index (Moran’s |) to determine the incidence rates and clusters of confirmed cases of COVID-19 in each
group of epidemiological weeks (EWSs), in Minas Gerais State, Brazil.

Week Moran’s | Cluster number Number of municipalities
High-High
EWs 11/12 0.0045 <0.01 2 6
EWs 13/14 0.075 <0.01 2 13
EWs 15/16 0.198 <0.01 1 10
EWs 17/18 0.107 <0.01 3 16
EWs 19/20 0.144 < 0.01 4 31
EWs 21/22 0.116 < 0.01 4 35
EWs 23/24 0.107 <0.01 4 38
EWs 25/26 0.155 <0.01 3 39

EWs = epidemiological weeks; p = p-value.
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EWs 11/12

EWs 13/14

EWs 15/16

EWs 17/18 EWs 19/20

EWs 21/22
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Figure 4 - Spatial clusters and directional distribution of COVID-19 (LISA clusters and directional ellipses) in the mesoregions cities

of Minas Gerais State, Brazil.
Space-time risk

Six statistically significant space-time clusters were
identified, three of which were of high risk and three of
low risk. Among the high-risk groupings, cluster 1, located
in Zona da Mata, Vale do Rio Doce and MRBH, had the
longest duration (33 days), starting on May 25, 2020, and
remaining until the end of the analysis on June 27", 2020
[relative risk (RR) = 5.54]. In MRBH, group 2, which
included the capital Belo Horizonte, presented RR of 3.36
and lasted 23 days, from June 1*'to June 24", 2020. Despite
the two high-risk clusters, MRBH presented a low-risk
cluster (cluster 5) with a RR of 0.04. This cluster lasted 57
days from March 3 to April 30%, 2020, and occurred in a
period different from the high-risk clusters. The highest risk

Rev Inst Med Trop Sao Paulo. 2021;63:e21

cluster occurred in the Triangulo Mineiro/Alto Paranaiba
mesoregion (cluster 3) with a RR of 16.21 between May
29" and June 27", 2020 (Figure 5).

In addition to the low-risk cluster in MRBH, two low-
risk clusters (RR = 0.06) were detected between March 4%
and April 30", 2020, and between March 5" and May 1%,
2020, coinciding with the occurrence of the low-risk cluster
in MRBH (Figure 5).

DISCUSSION
In this study, we analyzed spatiotemporal patterns,
highlighting priority areas and showing their relationships

with the displacement of COVID-19 epidemic outbreaks in
Minas Gerais State. SARS-CoV-2 has a contagion process
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COVID-19in Minas Gerais 2020
spatio-temporal analysis 11" to 25" week
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I 4; Low risk Date 04/03/2020 - 30/04/2020; p < 0.05; RR = 0.06
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Figure 5 - Space-time groups of COVID-19 in the mesoregions cities of Minas Gerais State, Brazil. Sectors in red represent areas

of high risk and sectors in blue represent areas of low risk.

similar to the influenza virus that has been addressed in
previous studies of spatial analysis®®?°. For this reason,
the use of geoprocessing in the surveillance and control
of COVID-19 offers a potential resource for planning and
evaluating actions in this area. By means of these resources,
it is possible to map, monitorand disseminate data about
COVID-19 in a territory, therefore allowing the outlining
of scenarios and better-targeted actions®.

The findings demonstrated that mesoregion MRBH
was the one that has most influenced the expansion of
COVID-19 in the State, with the highest incidence rates
until EWs 15/16. From this moment on, all mesoregions of
the State had confirmed cases, with Jequitinhonha being the
last mesoregion to notify cases. As of EWs 17/18, testing for
COVID-19 was expanded with the inclusion of serological
tests in the State, which explains the increase in the number
of confirmed cases. By EWs 19/20, there was an expressive
increase in the number of cases of the disease, reaching
almost all the mesoregions of the State, most markedly
Triangulo Mineiro/Alto Paranaiba and Vale do Rio Doce.
In Campo das Vertentes mesoregion, a peak incidence was
observed in EWs 21/22, likely related to an outbreak of
COVID-19 in a Brazilian air force school located in the
municipality of Barbacena, which had not interrupted its
academic activities. In EWs 24/25, a greater slope in the

Page 8 of 12

incidence curves was observed in almost all mesoregions,
possibly due to the expansion of criteria to indicate
serological tests, including people with comorbidities, the
economically active population and suspected deaths from
COVID-19 in the testing group®'.

Additionally, the clusters of municipalities classified
as High-High in the first two fortnights (EWs 11 to 14)
were located in MRBH, Triangulo Mineiro/Alto Paranaiba,
South/Southwest of Minas, Central Mineira, West of Minas
and Zona da Mata. By EWs 25 and 26, eight mesoregions
had municipalities classified as High-High. There was also
a dynamic spread of the disease to the interior of the State,
with expansion, retractionand movement of clusters. In
addition, six statistically significant space-time clusters
were identified, three of which were of high risk and three
of low risk. Another study demonstrated that the first
cases occurred in cities with the largest populations and
greater connectivity with metropolitan areas and medium-
sized cities, indicating a possible correlation between the
hierarchy of cities in the urban network and the spread of
the virus'".

A study that investigated the probable scenario for the
dissemination of COVID-19 in Brazil through the analysis
of the airport network showed the importance of the
international airport of Belo Horizonte in the introduction of
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the virus in the State and its potential for the dissemination
throughout the country®2. This corroborates the fact that
Minas Gerais received many infected individuals returning
from international travels. In addition, genetic sequencing
evidenced multiple strains of SARS-CoV-2 in Minas
Gerais'®. A challenge to investigate the epidemic spread
of SARS-CoV-2 in Minas Gerais was its low capacity to
carry out diagnostic tests in the population, preventing a
real understanding of its spread since its introduction®:.

Nevertheless, the incidence rates in the capital of Minas
Gerais were not as high as in Sao Paulo and Rio de Janeiro,
as strict measures were adopted to control the spread of the
virus, with the closure of local commercial establishments
between March 20" and August 12, 2020, when the
flexibilization process was resumed. The first flexibilization
process started on May 25", 2020 and June 8%, 2020.
However, on July 29%, 2020, the commercial establishments
were closed again, and only those considered essential
remained in operation. Possibly due to this strict control,
the incidence in the capital was not among the highest in
the State during the evaluated period.

In the South/Southwest of Minas, some municipalities
classified as High-High in the EWs 15/16 to 23/24 were
located close to the border of Sao Paulo State, which
suggests the possible expansion of viral circulation from
that State to Minas Gerais. A possible route for the spread
of the virus is the BR-381 highway, which connects Sao
Paulo to Belo Horizonte. In addition, a study considering
reported cases from Minas Gerais evidenced relationships
between the number of COVID-19 cases and the urban
network, with emphasis on the level of centrality and the
connections between urban centers, including, for example,
the interconnected transportation infrastructure®’.

Triangulo Mineiro/Alto Paranaiba is also influenced by
Sao Paulo State, since this mesoregion has also a highway
with great circulation that connects the States of Sao Paulo,
Goias and the Federal District (BR-050). Rio de Janeiro
State has possibly influenced the incidence rates of Zona
da Mata, mainly in through the municipality of Juiz de
Fora, which was the first to report cases in this mesoregion,
contributing to the spread of the disease in the region. In
addition, it is worth highlighting the influence of BR-040
that connects the municipalities of Rio de Janeiro and Belo
Horizonte, crossing Juiz de Fora and several other cities of
Zona da Mata. The highways have possibly interfered in the
expansion of the disease across the State, since the increase
in the number of cases in each municipality is mainly due
to intra-urban transmissions. In a study that evaluated the
relationship between the urban network and COVID-19 in
Minas Gerais, the authors demonstrated that most cities
are linked to Belo Horizonte, the State capital, which plays
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the role of a metropolis. However, other municipalities are
integrated with other metropolises or, in some cases, share
the area of influence with Belo Horizonte. The influence
of the capital of Sao Paulo State in Triangulo Mineiro/
Alto Paranaiba and South/Southwest of Minas, of Rio de
Janeiro State capital in Zona da Mata, and of Brasilia in the
Northwest of the State is highlighted?°.

Despite the continuous growth of incidence coefficients
in the mesoregions, retraction and movement of clusters
were also observed, indicating a dynamism in the dispersion
of the disease to the interior of the State. The presence
of High-High clusters in a given fortnight indicated an
explosion of cases in a regional pole and dispersion to
smaller neighboring municipalities. However, this did not
mean that the other regions did not register growth. The
increase and reduction of clusters at different times and
in different locations can be directly related to the easing
of social isolation®*%, Many clusters start small and grow,
requiring mitigation measures that are usually stricter®®.
Nevertheless, if the measures are loosened, the cluster will
be identified again shortly after.

The spatial dispersion of SARS-CoV-2 to the interior
of Minas Gerais State possibly obeyed the following chain:
(i) the virus entered a pole city, which led to the adoption of
mitigation measures and the consequent decrease of viral
circulation in that location; (ii) after a period, when the
inhabitants of the pole city resumed part of the activities,
the virus started to spread to first-order neighbors (those that
surround the borders of the pole city); (iii) the first-order
neighbors and the pole city began or resumed mitigation
measures and the spread of the virus was consequently
reduced; (iv) the population of the pole city and first-order
neighbors resumed activities, and second and third-order
neighbors (those that surround the borders of first-order
neighbors) showed cases of the disease; (v) mitigating
measures started again and activities were later resumed
and so on. This behavior in the spatial distribution of
COVID-19 cases in Minas Gerais State suggests that
each step of loosening mitigation measures may have
influenced the spread and internalization of the virus®"28,
Noteworthy, at the beginning of the viral spread in the State,
the internalization of the cases occurred not only from the
capital, but also from pole cities such as Divinopolis, Juiz
de Fora, Ipatinga and Uberlandia, which may have served as
starting points for the spread of the infection to neighboring
cities and mesoregions, mainly by roads/highways.

During the study period, six statistically significant
spatiotemporal clusters were identified, three of which
were of high risk and three of low risk. Through this spatial
scanning, it was possible to determine the risk of falling ill in
this region when compared to other regions. Among the high-
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risk groups, the one located in Zona da Mata, Vale do Rio
Doce and MRBH had the longest period (33 days), remaining
at high risk (RR = 5.54) from May 25" to June 27", 2020.
Many municipalities located in this region have the extraction
of iron ore as their main economic activity, constituting
an important area called the iron quadrilateral. The iron
quadrilateral is the largest national producer of iron ore,
concentrating a large portion of the mining workforce, which
remains active. Due to the periodic testing for COVID-19
carried out by mine owners on their employees, there was a
considerable increase in the number of notifications in this
region, thus explaining this greater risk®.

In MRBH, there was also a cluster with an RR of 3.36
(cluster 2), which lasted 23 days (from June 1*to June
24™2020) and encompassed the city of Belo Horizonte.
This lower RR among high-risk regions was possibly due
to the previously mentioned mitigation measures adopted
in the State capital. Cluster 3, identified in the mesoregion
Triangulo Mineiro/Alto Paranaiba, presented the highest
RR of the entire analyzed period (RR = 16.21) and lasted
between May 29™ and June 27", 2020. This relative high
risk has been strongly influenced by the city of Uberlandia,
which presented, until the last day evaluated in this study,
a greater number of cases (5,889) than the State capital
(4,869), although its population corresponds to only 27.5%
of that estimated for Belo Horizonte by the IBGE'™2',
These high incidences in Uberlandia, in comparison to Belo
Horizonte, are likely due to less severe measures of social
isolation imposed by the local public sector. A geographic
study on active spatiotemporal clusters of COVID-19
conducted from February 25% to June 7%, 2020 in 5,570
Brazilian municipalities showed that one of the clusters was
located in the Southeast region of Brazil covering the States
of Minas Gerais, Espirito Santo and Rio de Janeiro. This
cluster included 274 municipalities, 48 of which presented
RR greater than 1.0%°.

The availability of secondary data based on the
mandatory notification of cases in an established surveillance
system allows the comparison of areas at different levels of
stratification. However, our results have some limitations.
The underreporting of cases must be considered, in
addition to the delay in notification by the municipalities.
To minimize these limitations, our analyses considered
spatiotemporal patterns with estimates from neighboring
municipalities that can help to reduce the possible impact
of data underreporting. The modifications made by the
SES/MG to correct data in a given EW led us to adopt the
strategy of removing notifications from previous weeks.
However, a few cases were corrected by the municipality,
but we believe that they did not compromise the results of
our analyses.
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CONCLUSIONS

The spatial dispersion of COVID-19 in Minas Gerais
State occurred from the mesoregions MRBH and Vale
do Rio Doce, which had municipalities classified as
High-High in the first fortnight (EWs 11/12). MRBH was
the mesoregion that has most influenced the expansion
of SARS-CoV-2 transmission, despite the highest risk of
infection observed in the Triangulo Mineiro/Alto Paranaiba.
In addition, six statistically significant spatiotemporal
groups were identified in the State, three of which were of
high risk and three of low risk. It was noted that the social
isolation measures adopted since the beginning of the
pandemic helped to delay the emergence of new confirmed
cases in some periods of the analysis. This reinforces the
importance of adopting social distancing measures to
mitigate local transmission in cities of Minas Gerais. Our
findings contribute to a greater understanding of COVID-19
spatiotemporal dynamics and enable competent authorities
to efficiently target priority areas for the disease in Minas
Gerais State.
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