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Abstract: Geographic Information Systems (GIS) played an important role in understanding the dynamics of
the territorial spread of COVID-19 during the pandemic. Even today, it is important to understand such
dynamics in view of the imminent risk of new epidemics and pandemics. This study aimed to identify space-
time clusters of incidence and mortality due to COVID-19 during the pandemic, analyzing socioeconomic and
demographic characteristics in order to highlight the priority areas for control and surveillance actions. This
study was conducted in the Metropolitan Region of Sao Paulo (MRSP) from March 2020 to February 2022. To
detect the clusters, a multidimensional punctual process was created to perform multiple tests for every
geographic point using the SaTScan™ software. Socioeconomic and demographic differences were analyzed
using nonparametric Mann-Whitney and Kruskal-Wallis tests. High-risk clusters of incidences were observed
in May 2020 (RR=2; p-value <0.001) and March to June 2021 (RR=2.6; p-value <0.001) in the capital of Sao Paulo
and neighboring municipalities, with statistically significant differences between the socioeconomic variables
analyzed. No low-risk cluster of COVID-19 incidence was found, but low-risk clusters of mortality from
COVID-19 were found in the period from July to December 2020 in the central region of the capital (RR=0.33;
p-value <0.001), which concentrates the highest incomes and the lowest percentages of Black, Brown (Mixed-
race), and Indigenous people in the MRSP.

Keywords: COVID-19; space-time cluster; the Metropolitan Region of Sao Paulo; population
density; socioeconomic variables

1. Introduction

The pandemic of COVID-19 (coronavirus disease 2019), an infectious disease caused by the
highly transmissible novel coronavirus SARS-CoV-2 (Severe Acute Respiratory Syndrome -
Coronavirus - 2), was first detected in December 2019 in the People’s Republic of China [1]. In Brazil,
the first case was identified in the Metropolitan Region of Sao Paulo (MRSP) in February 2020, with
a rapid progression of cases throughout the state [2].

During and after the COVID-19 pandemic, as in other epidemics, Geographic Information
Systems (GIS) can play an important role in understanding spatial clusters and trends of virus
transmission in various parts of the world [3]. Also, GIS can contribute to the visualization and
correlation of information on socioeconomic, demographic, and health factors.

This study sought to identify space-time clusters of incidence and mortality from COVID-19 in
the MRSP, identifying high- and low-risk areas over time. The detection of space-time clusters has
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been used in health surveillance to support the planning and evaluation of health services [4]. After
identifying space-time clusters of incidence and mortality, the socioeconomic and demographic
characteristics of these clusters were also analyzed in order to highlight priority areas for COVID-19
control and surveillance actions. Then, this study seeks to contribute to the development of territorial
scenarios that can guide and enable strategic actions. If they had been created opportunely, these
scenarios could have reduced the problems resulting from the spread of the disease during the
pandemic.

2. Study Site

The MRSP is the largest urban cluster in South America and the sixth in the world, according to
a 2014 United Nations (UN) report [5]. The MRSP is made up of 39 municipalities (Figure 1), including
Sao Paulo, the capital of the state of Sao Paulo, which are distributed in the five sub-regions below:
i.  North: Caieiras, Cajamar, Francisco Morato, Franco da Rocha, and Mairipora.

ii. East: Arujd, Biritiba-Mirim, Ferraz de Vasconcelos, Guararema, Guarulhos, Itaquaquecetuba,

Mogi das Cruzes, Poa, Salesopolis, Santa Isabel, and Suzano.

iii. Southeast: Diadema, Mau3, Ribeirdo Pires, Rio Grande da Serra, Santo André, Sao Bernardo do

Campo, and Sao Caetano do Sul.

iv. Southwest: Cotia, Embu, Embu-Guagu, Itapecerica da Serra, Juquitiba, Sdo Lourenco da Serra,

Taboao da Serra, and Vargem Grande Paulista.

v.  West: Barueri, Carapicuiba, Itapevi, Jandira, Osasco, Pirapora do Bom Jesus, and Santana de

Parnaiba.

The capital is home to 12,330,000 inhabitants; it is considered a global city and is the largest
Brazilian metropolis. In addition to Sao Paulo, the municipalities of Guarulhos, Sao Bernardo, Santo
André, and Osasco have significant populations exceeding 700,000 inhabitants. Two cities in the
region have the highest population densities in Brazil: Taboao da Serra and Diadema, with 13,400
and 12,800 inhabitants per km?, respectively [6].

Metragalitan Region of Sio
Paulo Sub-regions

B southeast A

1 Saouthwest
West
Municipality of 330 Paulo

Searce: Emplasa, 2011

Figure 1. Map showing the municipalities of the MRSP.

3. Materials and Methods

This is an ecological and descriptive study assessing secondary data about the incidence and
mortality of COVID-19 in the 633 weighting areas of the 39 municipalities that comprise the MRSP.
Weighting areas (WA) are territorial units identified by sets of contiguous census sectors belonging
to the same district, for the purpose of weighting the results of the population census sample
questionnaire. A census sector is a territorial unit established for survey control purposes, comprising
a continuous area located in a single urban or rural block, with a size and number of households that
allow the survey by a census agent [7].
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Information from the period February 2020 to March 2022 about the date of notification, sex, age,
evolution, and postal code of each patient with COVID-19 who recovered or died, was accessed
through a partnership with the Data Center of the State of Sao Paulo (CDESP), which provided data
from the Epidemiological Surveillance System (SIVEP-Gripe) of the State Epidemiological
Surveillance Center. These data were grouped by postal code (first five digits of the postal code) and
georeferenced using the postal code database of the Centro de Estudos da Metrdpole (Center for
Metropolitan Studies) [8]. Linear geometries of the postal code grouping system were intersected
with the weighting areas from the 2010 IBGE Census, with cases assigned proportionally to the length
of the intersected lines. This study was approved by the Research Ethics Committee of the School of
Psychology, Universidade de Sao Paulo, report number CAAE: 71605223.2.0000.5561, August 14,
2023.

The socioeconomic variables — per capita income, persons per household, and percentage of
Black, Brown (Mixed-race), and Indigenous people (BBIP) — by PA were built based on data from the
Brazilian Institute of Geography and Statistics (IBGE), according to the 2010 census, the most recent
census available. The variables were selected according to bibliographic references that analyzed the
relationship between COVID-19 spread and socioeconomic factors [9,10].

Dasymetric mapping techniques were used to analyze the population density, which subdivide
areas of origin into smaller spatial units so that there is greater internal consistency of the variable
being mapped [11]. In this study, the variable of population density was calculated by dividing the
number of inhabitants in WA by the total area built for residential purposes in that area. This analysis
used Google Open Buildings, a large-scale open dataset that contains the vectorization of building
roof contours generated from a deep learning model that was trained to determine building areas
from high-resolution satellite images. Data is available under the Creative Commons Attribution
license (CC BY-4.0) and the Open Data Commons Open Database License (ODbL) v1.0 [12].

COVID-19 incidence and mortality rates were obtained for the 39 municipalities of the MRSP
from March 2020 to February 2021 and from March 2021 to February 2022. These rates were
standardized by age and sex using the 2010 population of the MRSP. Space-time and time variations
in the clusters were determined using scan statistics, a multidimensional point process that performs
multiple tests for each geographical point analyzed, in SaTScan v10.0 [13]. To analyze space-time
variations, COVID-19 cases and deaths were grouped by month. The method uses a discrete Poisson
distribution, counting cases and deaths in space and time [14]. The number of expected cases is
obtained by multiplying the population of the area by the overall incidence rate. However, in order
to calculate the COVID-19 incidence and mortality rates in this study, the adjustment covariates of
sex and age were considered in order to eliminate the confounding factor of these variables. Once the
covariates were selected, the expected value was calculated considering the age and sex structure of
the population.

The proportion of the population considered for cluster detection was optimized using the Gini
index option in SatScan for purely spatial analysis, with a maximum population size of 10% for the
spatial scan window. This option encourages the search for smaller true clusters and can be
characterized as a population inequality coefficient [4]. The scan window calculated by the Gini index
is optimized according to the characteristics of the population. The p-value of the clusters was
obtained using the Monte Carlo hypothesis test with 999 replications [13]. The significance level was
set at 5%. Statistical tests were calculated using the likelihood ratio. Windows are elliptical for space-
time analyses.

When the population size significantly differs between the areas studied, adjustments must be
made before modeling, either by excluding areas with large populations or by subdividing these
areas into smaller populations. In this study, the WAs of the municipality of Sao Paulo and nearby
municipalities are smaller due to the population size, but it does not invalidate the quality of data
presented in this study.

After identifying the space-time clusters, we statistically compared the values of the
demographic and socioeconomic variables of the group of WAs belonging to high-risk clusters to
low-risk clusters of mortality and between high-risk clusters of incidences.
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Then, we compared the values of the groups for each demographic and socioeconomic variable
using the Mann-Whitney and Kruskal-Wallis non-parametric tests for non-normal distribution of
data. The null hypothesis was that the medians and interquartile ranges for the same variable were
equal, with a significance level of 5%.

SaTScan™ version 10.0.1 (Kulldorff, Harvard Medical School, Boston, MA, USA), which uses
geographical coordinates [14], was used to identify cases grouped in space-time and time. Maps with
significant clusters and their relative risks from the space-time analyses were generated in QGIS 3.28.
Temporal trends were obtained in SatScan. The significance level was set at p=0.05. R 4.3.2 for Mac
was used for database manipulation and statistical analysis.

4. Results

A total of 191,083 cases of COVID-19 were reported in the MRSP between March 2020 and
February 2022. According to the evolution of the patient's condition, the notifications were either
recovery or death. This study was conducted in two periods, from March 2020 to February 2021 and
from March 2021 to February 2022. In the first period of the pandemic, 100,587 cases were reported,
with an annual rate of 512.9 cases per 100,000 inhabitants. In the second period of the pandemic,
89,783 cases were reported, with an annual rate of 457.8 cases per 100,000 inhabitants.

4.1. Incidence Clusters

In temporal terms (Figure 2A), a high-risk cluster was identified in the first period of the
pandemic in May (relative risk [RR]=3.07), while a low-risk cluster was present from August to
October 2020 (RR=0.47). The high-risk interval identified in the second period of the pandemic was
from March to June, with RR ranging from 1.78 to 3.58. A low-risk period was also identified
beginning in July (RR=0.87) (Figure 2B).

Cluster

Observed (Inside Cluster)

— Expected

Observed /| Expected

Figure 2. Distribution of COVID-19 cases in the MRSP. (A) Seasonal analysis showing the months of
low and high risk in 2020-2021. (B) Seasonal analysis showing the months of low and high risk in
2021-2022.

In the first period of the pandemic, three significant high-risk clusters were identified using the
space-time scan statistics of the total number of cases (Figure 3A). All were located in the capital, the
municipality of Sdo Paulo, and neighboring cities, particularly in May 2020. Cluster 1, located to the
south region of the city of Sao Paulo and including the cities of Taboao, Embu, Itapecerica da Serra,
Embu-Guagu, Diadema, and Sao Bernardo do Campo, showed the highest relative risk (RR=3.2; p-
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value <0.001); followed by cluster 3 (RR=2.2; p-value <0.001), located in the northwest region of the
capital and including part of the cities of Cajamar and Osasco; and cluster 2 (RR=2; p-value <0.001),
located in the northeast region of the capital and including part of the city of Guarulhos and a smaller
part of the city of Ferraz de Vasconcelos. No low-risk cluster was identified in this period.

In the second period of the pandemic, three space-time clusters located in the capital Sao Paulo
and neighboring municipalities were also observed, from March to June 2021 (Figure 3B). Cluster 1,
located in the south region of Sao Paulo and including the entire municipality of Diadema and part
of Embu, Itapecerica da Serra, Embu-Guacu and Sao Bernardo do Campo, with a high relative risk
(RR=2.9; p-value <0.001); followed by cluster 2 (RR=2.9; p-value <0.001), in the east region of the
capital and including part of Guarulhos and a small portion of Ferraz de Vasconcelos; and cluster 3
(RR=2.6; p-value <0.001) located in the northwest region of the capital, but in this period including all
municipalities of Barueri, Carapicuiba, and Osasco, as well as a large part of Cajamar, Santana de
Parnaiba, and Taboao da Serra, and to a smaller extent, the cities of Cotia and Itapevi.

Space-time cluster of the COVID-19in 2020
[ Cluster 1: RR = 3.2 (May)

I Cluster 2: RR = 2 (April-June)

Bl Cluster 3: RR = 2.2 (May) A
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Space-time cluster of the COVID-19in 2021
Cluster 1: RR = 2.9 (March - June)

Il Cluster 2: RR = 2.9 (March - May)

I Cluster 3: RR = 2.6 (March - June) A

0 10 20 km

Figure 3. (A) Space-time clusters of COVID-19 incidence in the first year of the pandemic, from March
2020 to April 2021. (B): Space-time clusters of COVID-19 incidence in the second year of the pandemic,
from March 2021 to April 2022.

The statistical comparison of the demographic and socioeconomic variables from the weighting
areas presented in the space-time high-risk clusters showed important differences between the three
groups (Table 1). In the first period of the pandemic, all analyses resulted in significant p-values,
except for population density. The areas in clusters 1 and 2 had a lower per capita income, a higher
percentage of BBIP, and a higher number of people per household. The median per capita income of
cluster 3 was more than 50% higher than those of clusters 1 and 2. The interquartile range of cluster
3 was also much higher than the first and especially the third quartile of clusters 1 and 2.

In the second period of the pandemic, all analyses resulted in significant p-values, except for the
number of people per household. The areas in clusters 1 and 2 had lower per capita income when
compared to cluster 3. The median per capita income in cluster 3 remained higher than those of
clusters 1 and 2, just over 10%. The interquartile range of the clusters was wide, demonstrating the
heterogeneity of this group in relation to the variables of percentage of BBIP and population density.

Table 1. Median and interquartile range of socioeconomic indicators of the weighting areas in the
MRSP from March 2020 to February 2021. Method: Kruskal-Wallis.

High-risk cluster COVID-19 in 2020 High-risk cluster COVID-19 in 2021
Variable
1 2 3 1 2 3
Per capita 551 (461 - 559 (442 - 989 (611 - 567 (469 - 661 (513 - 739 (521 -
income 881) 719) 1918)* 892) 867) 1179)*
40 (30 -
BBIP (%) 52 (40-56) 45 (35-54) 29 (18 - 42)* 50 (37 - 56) 43 (28,3 - 50)*
49,3)
People  per 34(3.3- 33(3.2-
34(3.2-35) 31(28-34) | 33(3.2-34) 3.3(3.1-34)
household 3.5) 3.3)
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Population 328(253- 297 (260 - 334(255- 283 (251-
324 (238 - 411) 318 (220 - 379)*
density 405) 346) 407) 329)

4.2. Mortality Clusters

In temporal terms (Figure 4A), a high-risk cluster was identified in the first year of the pandemic
in May (relative risk [RR]=3.7), while a low-risk cluster was present from August 2020 to January 2021
(RR=0.53). The high-risk interval identified in the second period of the pandemic was in March and
April, with RR ranging from 5.47 to 2.77. A low-risk period was also identified beginning in July
(RR=0.67) (Figure 3B).

¥ Cluster

Observed (Inside Cluster)

— Expected

' ” Observed /| Expected

Figure 4. Distribution of deaths due to COVID-19 in the MRSP. (A) Seasonal analysis showing the
months of low- and high-risk in 2020-2021. (B) Seasonal analysis showing the months of low- and
high-risk in 2021-2022.

In the first year of the pandemic, seven significant high-risk clusters were identified using the
space-time scan statistics of total deaths (Figure 5A). All clusters were located in the capital or
neighboring cities, in particular in May 2020. In all high-risk clusters, the relative risk was higher than
2.7. Two low-risk clusters were identified in the capital, one in the central area (RR=0.33; p-value
<0.001) and one in the north region of the capital, near Guarulhos, from July to December 2020
(RR=0.35; p-value <0.001).

In the second year of the pandemic, four space-time high-risk clusters were observed in the
capital and neighboring cities, from March to May 2021 (Figure 5B). In all high-risk clusters, the
relative risk was higher than 3.4. A low-risk cluster was identified in the central-south region of the
capital from July to December 2021.
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Space-time cluster of deaths due to COVID-19in 2020
Il High: RR 3.74 (May)
Il High: RR 3.49 (February)
I High: RR 3.16 (May)
B High: RR 2.79 (May - Juno)
High: RR 2.73 (April - May) A
B High: RR 2.72 (April - May)
Low: RR 0.33 (July - December)
B Low: RR 0.35 (August - October)
0 10 20 km I High: RR 2.77 (February*)

Space-time cluster of deaths due to COVID-19in 2021
Il High: RR 4.37 (March - April)
77 High: RR 3.4 2 (March - May)

I High: RR 3.42 (March - May)
I High: RR 3.36 (March - May)
Low: RR 0.18 (July - December)

0 10 20 km

Figure 5. Space-time clusters of COVID-19 deaths in the first year of the pandemic. (4A) First year of
the pandemic, from March 2020 to April 2021. *Year: 2021. (4B) Second year of the pandemic, from
March 2021 to April 2022.

The statistical comparison of the demographic and socioeconomic variables of the weighting
areas included in the space-time high-risk clusters for COVID-19 mortality showed important
differences between the high- and low-risk groups (Table 2). In the first year of the pandemic, all
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analyses resulted in significant p-values, except for the variable of population density. The areas in
the high-risk clusters had lower per capita income, a higher percentage of BBIP, and a higher number
of people per household. The median per capita income of low-risk clusters was three times higher
than those of the high-risk clusters.

Table 2. Median and interquartile range of socioeconomic indicators of the weighting areas in the
MRSP, from March 2021 to February 2022. Method: Kruskal-Wallis.

) COVID-19 death clusters in 2020 COVID-19 death clusters in 2021
Variable High-risk Low-risk cluster High-risk Low-risk cluster
Per capita income 548 (452 - 745) 1943 (989 - 3490)* 558 (454 - 718) 3362 (2223 - 3956)*
BBIP (%) 49 (38 - 54) 18 (9 - 20)* 47 (38 - 45) 12 (9 - 20)*
People per household 3.4(3.3-35) 2.6 (2.4-3.1)* 3.4(3.3-3.5) 2.5(23-2.7)*
Population density 314 (243 - 396) 349 (268 - 424) 300 (238 - 361) 355 (256 - 440)*

In the second year of the pandemic, all analyses resulted in significant p-values. The areas in the
high-risk clusters had lower per capita income than the low-risk clusters. High-risk clusters also had
a higher percentage of BBIP and a higher number of people per household. Population density in
high-risk clusters had a lower median than in low-risk clusters; however, this significant value may
have been influenced by data amplitude.

5. Discussion

With the scan method to identify space-time clusters, the study showed that the notification of
cases and deaths was not random or homogeneous, and that high-risk and low-risk areas were
concentrated in specific regions along the months of the pandemic in the MRSP. In Brazil, states and,
in some cases, municipalities adopted measures to restrict human movement during the pandemic,
which may have led to different epidemiological scenarios in the area studied. However, in a
metropolitan region such as Sao Paulo, which has a high level of internal movement, exclusively
municipal restrictions may have had a lower impact.

As reported in other studies, the onset of COVID-19 cases occurred in the capital, Sao Paulo,
spreading by spatial contiguity shortly after the start of the pandemic in March 2020 [3,15]. In our
study, conducted on a more detailed level, the clusters were concentrated in the WAs of Sao Paulo
and neighboring municipalities, indicating that the capital was a zone of influence and convergence
at all times during the pandemic. The main clusters of cases and deaths, in the first period, were
observed in May 2020 in the capital and neighboring municipalities, while in the second period they
occurred between March and June 2021, remaining in the capital, but with increased coverage of
neighboring municipalities. Therefore, we see the need for a regional analysis, since the dynamics of
the virus spread may be associated with regional axes of circulation involving the capital and
neighboring municipalities.

As in other places, the initial strategies to control the virus defined restrictions of human
movement, but maintained the provision of essential services. In the MRSP, the implementation of
control measures and social distancing through quarantine in March 2020 allowed only the operation
of essential services, such as food, supplies, health, banking, cleaning, and security [16]. However,
there were no policies or actions to protect the population that worked in these essential services and
had to use public transport and who mostly lived in the outskirts of the city. The public transport
system in the city of Sdo Paulo has a highly radial model, structured to take passengers from the
outskirts to the central area, or from the neighborhoods to the radial transport lines [17]. In the study
on urban mobility in the MRSP conducted by Pilotto and Novasky (2022), the areas with the highest
mobility rates are located in the central region of the capital, while the areas with the highest
immobility rates are located in the suburbs and neighboring municipalities [18].
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Our hypothesis is that the poor conditions of public transportation in peripheral regions may
have influenced the dynamics of contamination of the local population through community
transmission of the coronavirus. Among the measures adopted for public transportation during the
pandemic was the reduction of the vehicle fleet to avoid economic losses for the companies providing
the service [17,19]. This measure was adopted due to the drop in the number of passengers, who
started working remotely. However, for those people whose work did not allow them to stay at home,
the reduction of the fleet increased the waiting time for travel and, at times, the resulting crowds may
have favored the virus spread [17,19].

Studies indicate that the spatial distribution of COVID-19 cases was well explained by the
variable of human mobility at the beginning of the pandemic [20,21]. The identification of a space-
time high-risk cluster (cluster 2), from April to June 2020, in the area where Guarulhos International
Airport is located, in a city that is adjacent to Sao Paulo, is consistent with studies that demonstrate
the influence of mobility on the spread of the SARS-CoV-2 virus [22]. Guarulhos International Airport
is the largest airport in Brazil and the second busiest in Latin America in terms of passenger and cargo
transportation [23].

Incidence and mortality rates were higher in the first months of the second period of the
pandemic. It may have been the result of the greater flexibility of control measures, the crowds in the
pre-election and election periods in November, travel and celebrations during the holiday season,
and the start of the school term in January 2021 [3]. Also, new variants of SARS-CoV-2 were
circulating in the second study period —the Alpha and Gamma variants in November 2020 and the
Delta variant in May 2021. It may have influenced the increase in the number of cases and the high
transmission rate in the population.

Social behaviors, often driven by economic survival needs, were critical for the pattern of virus
transmission [10]. In both the first and second periods of the pandemic, the statistically significant
differences in the socioeconomic variables of per capita income and percentage of BBIP showed that
cluster 3—located in a central region of the city of Sao Paulo—although apparently less
socioeconomically vulnerable, had a high risk of COVID-19 incidence. However, in the second
period, the cluster also began to include adjacent and non-adjacent municipalities, which also led to
a smaller difference between the socioeconomic variables analyzed. There were no significant
differences between the population densities of the clusters in relation to the values found, with
strong internal heterogeneity identified within the groups.

Regarding mortality from COVID-19 in the first period, high-risk clusters were observed in the
most peripheral region of the capital Sdo Paulo and in neighboring municipalities, particularly in
May 2020. In the second year of the pandemic, clusters persisted in the same locations, with a large
high-risk cluster located in the south region of the capital and municipalities in the southwest and
southeast of the MRSP. We observed that although no low-risk clusters of disease incidence were
detected, low-risk clusters of mortality from COVID-19 were found in both periods analyzed, from
July to December 2020, in the central area and especially in the southwest-central region of the city of
Sao Paulo, which has the highest incomes in the MRSP. These low-risk clusters had a higher average
per capita income, a lower percentage of BBIP, and a lower number of people per household.
According to a study conducted by Pasternak (2015), the social structure in the MRSP has a model in
which the upper classes are preferentially located in the central region and the popular classes in the
periphery [24].

A general decrease was observed in both cases and deaths across the region beginning in the
second half of 2021, probably because of the mass vaccination campaign, which prioritized the elderly
and health professionals, but did not consider the population that is socioeconomically and
territorially more vulnerable and exposed to the virus due to the greater use of public transportation.
Despite this fact, other factors may be associated with the space-time inequality of cases and deaths,
such as the prevalence of comorbidities in the population, risk behaviors like smoking and alcohol
consumption, as well as conditions of vulnerability.

The method used in this study allowed the detection of clusters which provided relative risks,
calculated by the incidence within the cluster in relation to the incidence outside the cluster. The tests
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applied to the regions that comprised the cluster detected areas with low and high rates within the
cluster, reducing the possibility of detecting a cluster with only one unit of analysis. The method has
been widely used to detect statistically significant space-time clusters of diseases and calculate
relative risks, contributing to real-time geographic surveillance of diseases and early detection of
epidemics and retrospective analysis [3,4,25,26].

Considering the demographic and socioeconomic dynamics, our results identified the locations
where the first clusters of local transmission of COVID-19 occurred in the MRSP. It also provided an
initial insight, which should be explored in terms of how urban mobility contributed as a factor of
exposure to the coronavirus and vulnerability to the disease so that policies and actions can be
formulated to mitigate the problem. The techniques used in this study also helped detect locations
with high and low risk of mortality due to the disease, which may also contribute better management
of future outbreaks.
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