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Abstract

:

Web Geographic Information Systems (WebGISs) were widely used to monitor COVID-19 cases and deaths during the pandemic. Furthermore, geotechnologies were also very useful in education, public management, tourism, and other areas. Although there are WebGISs with a high level of sophistication, most are simple, consisting of geovisualizers of cases, deaths, and vaccinations. This study develops a WebGIS that offers information about age, comorbidities, and tests, which can be analyzed from specific points such as hospitals, main access roads, regions, or neighborhoods. Although it is not a highly sophisticated solution, the WebGIS developed in this study is especially useful for municipal governments in developing countries like Brazil that do not have patient health data in geographic databases. The WebGIS developed in this study offers public managers essential information for developing effective public policies to combat the COVID-19 pandemic and other epidemiological phenomena such as dengue and malaria.
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1. Introduction


Geovisualization has proven to be a valuable and efficient tool for understanding, monitoring, and controlling the spread of COVID-19 in several countries [1,2]. Web Geographic Information Systems (WebGIS) provide mostly simple information such as the location of cases, death counts, and number of vaccinations [3]. Many existing WebGISs are not functional for all countries, especially in developing countries [4].



The review of the literature on COVID-19 geovisualization contained in sixty papers shows that the level of geotechnologies implemented in Brazil is much lower compared to other countries [5]. This geotechnological gap suggests that Brazilian public policies for monitoring, controlling, and reducing the spread of the pandemic are less effective than in countries that have implemented more sophisticated geotechnologies. Furthermore, this discovery suggests that other countries, such as Brazil, are not exploring the full potential of geotechnologies developed worldwide. The concentration of WebGISs developed by researchers from the United States and European countries also suggests that developing countries face additional difficulties in developing their own geotechnologies. WebGIS relies on geographic data that are not always available for developing countries, requiring additional data retrieval efforts [6,7]. Therefore, this lack of geovisualization technologies to monitor the time-space dynamics of the pandemic in developing countries creates possibilities for new fronts of investigation.



The objective of this study is to develop a geotechnology that provides public managers in any country in the world easy-to-interpret and current data about the pandemic. In other words, the study offers a geotechnology that enhances monitoring and control actions for the evolution of the pandemic, which contribute to the development of more efficient public policies to combat COVID-19. In particular, this solution consists of a WebGIS, which deals with spatial and temporal information about COVID-19. The functionalities and contributions of this WebGIS to combat COVID-19 are demonstrated based on the case of a city in Brazil.



These research results contribute to the literature in three ways. First, they deepen and expand the literature related to the use of geotechnologies in combating the COVID-19 pandemic, offering a general overview of the literature and bringing together information about the technological level of existing WebGISs, which countries mostly develop WebGISs, and what are the main science areas and journals associated with the theme. Second, it reveals how to develop a WebGIS from databases without geographic information, offering an example for WebGIS developers from developing countries that face difficulties in obtaining spatial data. Third, it fills the gap pertaining to geovisualization technologies focused on the Brazilian scenario that are capable of dealing with information from different types of pandemics (e.g., dengue and yellow fever), increasing the efficiency of public policies to combat these pandemics [8,9].



The remainder of this study is organized as follows. Section 2 reviews the literature on COVID-19 geovisualization in the world and Brazil. Section 3 provides details on the materials and methods used in developing the solution. Section 4 analyzes and discusses the results. Section 5 presents the final considerations of the study, including its limitations and future research.




2. Literature Review


The literature review on the geovisualization of COVID-19 was based on two databases: Scopus and Google Scholar. The former was used to search international publications. The latter was used to search national publications. The search for national literature was carried out using terms in Portuguese, such as “Geovisualização” and “Geotecnologia” instead of Geovisualization and Geotechnologies. The search was performed on 25 October 2023, according to the parameters shown in Figure 1. Terms with spaces, e.g., Web GIS, were also considered.



The restrictive search strategy used in this study allows to obtain papers highly aligning with the search objective, while at the same time, it does not capture all of the literature of interest. This strategy is inappropriate for systematic literature reviews, and it is recommended to draw a general overview of the literature to support applied studies [11]. An example of the limitation of this strategy is WebGIS, developed by Zhou et al. [12], to analyze spatio-temporal patterns of human mobility during the COVID-19 pandemic. The search did not capture this paper because it does not explicitly mention the terms WebGIS, Webmap, or Geovisualization in the title, abstract, or keywords.



It is important to highlight that the restrictive search strategy for the national literature is little known. To perform this, the researcher must configure Google Scholar to return only papers in the language of interest. To restrict the search to the paper’s abstract, the researcher must sort the results by date and then select the “abstract” option [11].



2.1. Geovisualization of COVID-19 in the International Literature


The search for the international literature on COVID-19 geovisualization in the Scopus database on 25 October 2023, using the parameters set in Figure 1, retrieved thirty-three articles. This number cannot be considered low for several reasons. First, the geovisualization of COVID-19 is a novel and highly specific topic. The initial publications on the topic occurred in 2020, with most research being published in 2021 (see Figure 2). Second, many papers do not explicitly cite the search terms in the title, abstract, and keywords. Therefore, the results presented in this study offer a general overview of the literature and are not intended to offer an exact portrait of the state-of-the-art, as is offered by the systematic literature reviews presented by Lan et al. [1] and Ahasan et al. [2].



Figure 2 shows that the emergence of virus mutations [13] and new research fronts, such as the geographic relationship between vaccination and cases of COVID-19 [14], continue to foster research on the geovisualization of COVID-19.




2.2. Leading Journals and Science Areas in the International Literature


The main journals that publish research related to the geovisualization of COVID-19 are in the geography field. Seventy percent of the fifty papers reviewed were published in journals of the geography field. The Cartography and Geographic Information Science is the journal with the largest number of publications, with four papers, followed by the ISPRS International Journal of Geo-Information, with three publications.



In addition to geography journals, health journals (e.g., Journal of Infection and Public Health and F1000Research) and multidisciplinary journals (e.g., PLoS ONE and Applied Sciences) are reference journals for researchers with four papers each. The journals indicated with the largest letters in Figure 3 published the largest number of research on COVID-19 geovisualization.



The areas of science with the highest number of articles on the geovisualization of COVID-19 are Social Sciences, Earth and Planetary Sciences, Computer Sciences, and Environmental Sciences. These four areas contribute to 24%, 13%, 10%, and 10% of the publications on the topic, respectively (see Figure 3).




2.3. Co-Citation Analysis of the International Literature


According to Small [14], p. 265, “The co-citation analysis is defined from the frequency with which two documents are cited together.” Through co-citation analysis, it is possible to “identify specific scientific specialties,” offering “a new way of studying the structure of specialties of science” [14].



Particularly, the co-citations analysis performed in VOSviewer, shown in Figure 4, indicates that the international literature on COVID-19 geovisualization is divided into two research fronts.



The first research front is associated with the network established by the study by Jung and Elwood [15]. Papers on this research front focus on analyzing COVID-19 data through interactive geotechnologies. The second research front is associated with papers that cite Fotheringham [16] and Li et al. [17]. Papers from this second research front are concerned with analyzing and developing geotechnologies capable of analyzing the temporal evolution of COVID-19.




2.4. International WebGIS Applications


Eleven articles retrieved in the search (see Figure 1) have more than ten citations. Kim [18] developed a WebGIS for prioritizing decision-making concerning infectious disease control policies considering economic shutdowns. Iyanda et al. [19] examined the health and social determinants of COVID-19 in 175 countries through a spatial epidemiological approach, offering a model that supports the development of public health programs and epidemiological surveillance. Pászto et al. [20] investigated the transformations in the behavior of groups of citizens, considering locations and mobility reports from Google Mobility. Zhai et al. [21] used geovisualization to analyze the mobility pattern in the cities of the United States, showing that people from poorer regions reduced mobility more than people from wealthier regions. Gavurova et al. [22] developed a risk assessment WebGIS for pandemics. The WebGIS is built based on fuzzy sets and offers valuable information for decision-makers in the COVID-19 pandemic. Zhou et al. [23] used geovisualization to investigate behaviors among public transport users before and after events related to COVID-19. Balla et al. [24] created a WebGIS to visualize spatial and temporal information on water quality to provide public services during the pandemic. Ponjavic et al. [25] developed a WebGIS to monitor the effectiveness of control measures in preventing the spread of COVID-19. Pasquaré et al. [26,27] developed a WebGIS that enables virtual tours in tourist and geographic heritage destinations during the COVID-19 pandemic.



Two papers with more than ten citations review the literature on the geovisualization of COVID-19. Ahasan et al. [2] reviewed 79 papers and showed that WebGISs had been widely used to visualize and monitor COVID-19 in several countries. Lan et al. [1] revealed that cyclicality and seasonality are temporal elements that are still relatively unexplored. The authors suggest filling this gap by developing animated and interactive technologies capable of simultaneously exploring time and space. Paszto et al. [20] analyzed 30 WebGIS applications for data analysis and interpretation developed during the COVID-19 pandemic. Their study shows the high value of using data from Google’s Community Mobility Reports as a source of information about people’s behavior during the pandemic.



Other studies also make valuable contributions to the literature. Martínez-Hernández [28] held workshops with students to create virtual walks in cities with the aim of developing skills in Geography. Beuren et al. [29] developed a WebGIS aimed at the geovisualization of epidemiological information. The results show that WebGIS offers valuable information for COVID-19 control measures, mainly locally. Marques da Costa et al. [30] developed a WebGIS that allows the dynamic and interactive analysis of variables and indicators on the evolution of the pandemic from a multiscale perspective. Li et al. [31] developed an approach for visualizing the risk of COVID-19 contamination from the perspective of each individual’s exposure. Steger [32] explored geovisualization to analyze children’s well-being in light of the COVID-19 pandemic. Pala et al. [33] developed a WebGIS for interactive data analysis (e.g., health, economic, and sociopolitical) related to COVID-19. Torres-Ruiz et al. [34] developed a WebGIS recommending medical health facilities based on a citizen’s profile.



Recent studies offer relevant innovations to the literature. For example, the consideration of vaccination [14,35], the use of chorematic maps [36], the detection of emerging contagion clusters [3], the detection of mass mobility patterns carrying passengers during the pandemic [37] and analyzing the effectiveness of existing WebGISs [38].



The majority of publications developed WebGISs to monitor the spread of COVID-19 [4,39,40,41,42,43]. However, the literature also shows that many studies develop WebGIS for a purpose not associated with monitoring COVID-19. A total of eight papers developed geotechnologies for educational purposes [44,45,46,47,48,49,50,51]. The literature review also identified geotechnologies for public resource management [52] and tourism [53].



Additionally, for research aimed at developing geotechnologies, it is important to highlight research that generates data that can be incorporated into WebGISs. Konicek et al. [6] show how to extract data from social media, while Minghini et al. [7] show how to update pharmacy location data. Similarly, MacTavish et al. [54] show how to incorporate perspective graphs to geovisualize global COVID-19 data.



Finally, the content analysis of the fifty articles identified in the search returned one paper that did not fit into the literature of interest [55].




2.5. Geovisualization and WebGIS Applications on COVID-19 in the Brazilian Literature


The investigation of abstracts of the ten papers that cite “COVID-19” AND (“Geovisualization” OR “WebGIS” OR “WebMap” OR “Geotechnology”) enabled the selection of only two papers that developed some type of geotechnology (WebGIS or geovisualizer) to monitor COVID-19 in the Brazilian scenario. Notably, the search uses the terms in Portuguese: “Geovisualização” and “Geotecnologia”. In turn, WebGISs and geovisualizers were developed in eight other studies for tourism, public resource management, and teaching purposes.



Although not aimed at combating COVID-19, these geotechnologies offer very interesting contributions that are as follows:




	
Better manage the accumulation of solid waste [56];



	
Provide virtual trips in public parks [57];



	
Analyze changes in population mobility as a result of the pandemic [58];



	
Facilitate the education process during the pandemic [59,60,61,62,63].








The two analyzed papers develop geotechnologies to geovisualize the evolution of the pandemic. Bandeira et al. [5] analyze the pre-vaccine COVID-19 incidence and mortality rates in the neighborhoods of Natal City. The authors show that COVID-19 incidence rates are higher in neighborhoods with better socioeconomic and environmental indicators. Palhares and Hermano [64] analyze the spatial distribution of COVID-19 in Belo Horizonte City. The authors show that the COVID-19 contagion is associated with mobility restriction policies and social and economic factors.




2.6. Literature Summary


Regardless of its limitations, this literature review suggests that the benefits of geovisualization are not appropriate for public managers in developing countries like Brazil. Table 1 shows that most existing WebGISs were configured to portray the reality of European countries, the United States, and Canada. Researchers from these countries produced 68% of the retrieved literature.



These results suggest a lack of geotechnologies that assist public managers in developing countries in monitoring the pandemic. This is an interesting finding not only because it indicates that developed countries have appropriated more of the benefits of these geotechnologies. The development of a WebGIS depends heavily on data availability. Furthermore, the functionality implemented in WebGIS is defined by users. Developed countries have more data available, favoring the development of more sophisticated functionality.



Developing countries have significant data limitations and are unlikely to be able to implement the same functionalities. Furthermore, the reality (the average age of the population, income, and health system) of developing countries is very different from that of developed countries; thus, public managers in these countries have different priorities and analytical interests.



It is also important to highlight cases where WebGISs do not work for developing countries [4], where obtaining data for more sophisticated spatial analyses is not trivial [6,7], and where few users understand existing WebGISs [38].



Therefore, the WebGIS developed in this study is an interesting example because it can be adapted to other countries with limitations in data availability and realities (educational level and government resources) similar to Brazil.





3. Materials and Methods


The geotechnology proposed in this study was developed in two stages: (1) data collection and (2) WebGIS. The latter comprises three substages. The WebGIS features were tested in João Monlevade. The availability of data (cases and deaths) was the choice criterion used to select the municipality of Minas Gerais, Brazil.



3.1. Study Area


João Monlevade is a municipality of 80,903 inhabitants, located in the State of Minas Gerais, Southeastern Brazil (Figure 5). The municipality has a demographic density of 742.35 people per km2, according to estimates of the Brazilian Institute of Geography and Statistics (IBGE, [65]).



The city’s population increased by 10% compared to the last demographic census in 2010 [66]. The number and percentage of the occupied labor force in the last census was 21,356 people, that is, 27% of the population. This proportion of occupied labor force concerning the total population is quite high. João Monlevade is 78th in the ranking of the 853 municipalities in the state of Minas Gerais [65]. The average monthly salary of formal workers in the state of Minas Gerais in 2023 is 2.1 minimum wages (i.e., approximately US$554.4).



The Human Development Index of João Monlevade (0.758) is the 72nd highest among the 853 municipalities in the state of Minas Gerais. João Monlevade also has a prominent position in economic terms, occupying 89th place among the state’s municipalities in relation to Gross Domestic Product per capita (BRL 41,476.05 per inhabitant/year) [65].



A study carried out in João Monlevade shows that existing geotechnologies for monitoring the pandemic are not very interactive, limiting the scope of analysis for public managers [67].




3.2. Data Collection


The data used in this study were collected between April 2020 and December 2021. During this period, 17,265 records of cases and deaths due to COVID-19 were entered into the database. These data were acquired from the City Hall. The database collates three types of information:




	
Domicile: complete address (city, state, street, number, and neighborhood).



	
Patient: age group, sex, and age.



	
General: notification date, symptoms (e.g., fever), and epidemiological week. (Epidemiological weeks is a standardized counting system of weeks to compare annual data. By international convention, the first week of the year contains the largest number of days in January, and the last week contains the largest number of days in December [68].)



	
Health: Severe Acute Respiratory Infection (SARI), comorbidity, Polymerase Chain Reaction (PCR) or rapid tests, and suspected cases.









3.3. Description of Development Stages


The WebGIS was developed in four substeps: (1) WebGIS users and requirements; (2) Definition of the technological architecture; (3) Data and interaction modeling; and (4) Prototyping.



WebGIS users and requirements substage is subdivided into the assessment of users’ needs and the definition of the WebGIS functionalities and interactivities.



Firstly, managers from João Monlevade city hall designated analysts from the health department as target users of WebGIS. These analysts were consulted about their primary analysis needs. In response to this consultation, analysts pointed to the geovisualization of the dispersion of cases of contagious diseases, such as COVID-19 and dengue, including information on the number of confirmed cases, incidence locations, and risk factors as the primary needs to be incorporated into WebGIS. Based on these needs, the functionalities and interactivities of WebGIS were defined.



The substage of technological architecture definition is subdivided into three parts. The first part involves configuring connections between databases (e.g., spreadsheets containing patient data, government health, demographic, and spatial data infrastructure) and functionality interfaces using the ArcGIS library of functions and Javascript codes in HyperText Markup Language (HTML). These connections make it possible to integrate functionalities with data available in generic layers and with style configuration files and other characteristics to be used by the application. In the second part of the definition of technological architecture, the connection to the database of the municipality’s health department is carried out. In particular, the WebGIS is connected with the city epidemiological systems databases (National System of Notifiable Diseases and the Epidemiological Surveillance System). The access to the original data is customized to enable georeferencing and data storage. The connection is made from the server’s Internet Protocol address, port number, database login, and access password. The third part involves configuring the dashboards containing the charts and maps. This configuration is performed through ArcGIS Application Programming Interface (API) components that implement these functionalities. The HTML pages of the dashboards were coded using the Cascade Style Sheet, allowing the definition of the style of the page (e.g., font sizes and types, background, font colors, among others). The dashboard charts (pizza, line, and columns) were designed and constructed by processing the data in the database. Notably, the WebGIS is entirely configurable at the beginning since all connections are made directly in the ArcGIS API javascript code, with queries designed for the National System of Notifiable Diseases and the Epidemiological Surveillance System database, with attributes such as gender, age, and registration date.



The third substage (data and interaction modeling) is associated with data modeling with geographic attributes, features, and interface components. First, the COVID-19 case and death data tables for João Monlevade are georeferenced by address. Second, the following functionalities are configured, i.e., search by address, location identification, the definition of the search form (by distance or by radius), the definition of the presentation of the selected points and their respective information, and the changes in levels of zoom. Third, the following components of the WebGIS interface are defined, i.e., base map style and zoom change, query layers (e.g., police stations, hospitals, and planning regions), search address field, and the radius of the search. Among the functionalities is the aggregation of geographic data, such as the sum of cases contained within a given radius or the sum of cases contained within a line, point, or polygon buffer. For each result format, a specific geographic model is used (e.g., centrality and dispersion analysis). The screen components are customized using widgets from the ArcGIS online javascript API. This command API can be accessed through the link: https://developers.arcgis.com/javascript/latest/sample-code/ (accessed on 19 November 2023). The widgets’ source code is easily changed from the ArcGIS javascript API. An example of this functionality is the search for addresses on the map (search widget).



Finally, the prototyping substage involves configuring the platform in ArcGIS online, identifying the Javascript API features to be used, and creating the web application. Figure 6 presents the operational framework consolidating the COVID-19 geovisualization WebGIS development stages in João Monlevade.





4. Results and Analysis


The developed WebGIS offers two COVID-19 geovisualization dashboards. The first dashboard in Figure 7 shows the total number of COVID-19 cases registered in the municipality within a radius of 1 km from the selected map location. In this dashboard, it is possible to analyze the monthly evolution and the age profile of the number of cases and deaths due to COVID-19 and obtain information on the patients’ health.



The dashboard offers significant information for planning the health system, helping the decision-making process by public managers. Information such as the population’s average age, the proportion of older people, and the incidence of comorbidities are directly and positively related to the number of hospitalizations and deaths [69]. Therefore, analyzing the evolution of COVID-19 associated with patients’ profiles helps public managers plan their actions, anticipate decisions on expanding hospital beds, test the population, and adjust the rules for the movement of people.



The second COVID-19 geovisualization panel allows the user to choose three possible spatial analyses: by point, line, or region (see icons in the upper right part of Figure 8, Figure 9 and Figure 10). The first spatial analysis, possible through selecting the “point” icon, is the evolution of the number of cases in the last six months and the age and gender profile of these cases. The data recovery radius is not fixed as in the first dashboard, permitting the reduction or expansion of the analysis region, as shown in Figure 8.



The dashboard is limited to the analysis of the number of cases. Moreover, it offers valuable information for public managers, as it allows for analyzing the incidence of COVID-19 in specific places with a large concentration of people, such as pharmacies and hospitals.



Public managers can also benefit from the analysis offered in this dashboard to understand the evolution of COVID-19 around avenues, highways, and other access corridors in the city, as shown in Figure 9.



This dashboard allows the creation of specific routes inside or outside the city. Then, it is possible to change the radius of influence of this route according to the interests and needs of public managers. The dashboard also allows obtaining information for specific areas, as shown in Figure 10.



Notably, the health and demographic information presented on the dashboard does not allow for deeper analyses, for example, the relationship between COVID-19 cases and deaths and social factors [69,70].



However, public managers can carry out more sophisticated spatial analyses, including social and mobility data, as in the WebGIS listed in Table 2, connecting the data in the dashboards with census data in Geographic Information Systems.



Table 2 indicates that the proposed WebGIS does not incorporate advanced functionalities and is not classified as a solution associated only with COVID-19 data. This finding indicates several improvement points to be incorporated into the WebGIS while revealing that the WebGIS has more features than most of the reviewed WebGISs.



Due to the city hall’s data protection policy and restrictions, only the first dashboard is available for public access. The links below provide access to the first dashboard, where users can see how the WebGIS works and access the explanatory video, which demonstrates the main interactive elements of the WebGIS.



	
https://geotecnologias.com.br/dashboard2.html (accessed on 19 November 2023)



	
https://www.youtube.com/watch?v=UpV41QB9YZI (accessed on 19 November 2023)






The WebGIS has been operational since January 2023. It has been used mainly to georeference and analyze the dispersion of COVID-19 cases. Furthermore, notifications have been sent to analysts when new cases are located close to other cases. Feedback from health department analysts can be considered positive, highlighting the ease of use and diversity of WebGIS functionalities.



Policy Highlights


The WebGIS developed in this rstudy contributes to the improvement of epidemic control policies such as COVID-19, yellow fever and dengue, filling the gap of geotechnologies aimed at developing countries, which have limitations in relation to data. Among the main differences of the proposed WebGIS is the association of COVID-19 data with demographic data (age and gender) and the population’s health, including the recording of tests and comorbidities. In particular, the data contained in the dashboard can help public health managers carry out specific and very targeted actions. Based on the location, age, and comorbidities of patients, it is possible to propose mobility policies for populations at a higher risk of death. Furthermore, the data contained in the dashboard allow public health managers to develop flexible and, at the same time, effective mobility actions based on the demographic and health characteristics of each area.



The WebGIS enables the monitoring of pandemics in specific spatial geometries. This functionality makes it possible to analyze the dynamics of pandemics around health system facilities, avenues, highways, neighborhoods, and slums. This functionality is highly relevant to ensure agility in planning policies to combat the pandemic and other diseases with endemic and pandemic potential, such as the influenza virus, dengue, and yellow fever.



WebGIS features are easy to use, enabling relevant analyses. This is relevant because healthcare professionals do not know about Geographic Information Systems.





5. Conclusions


This study reviews the literature on WebGISs utilized for the monitoring and control of COVID-19 in Brazil and around the world. The results of this literature review show that WebGISs were widely utilized during the COVID-19 pandemic. The geotechnologies used during the pandemic period were not restricted to monitoring, controlling, and combating the pandemic. The usefulness of geotechnologies was not limited to monitoring COVID-19, expanding to areas of education, tourism, and waste management, in Brazil and around the world.



This study also developed a WebGIS that offers two interactive geovisualization dashboards, and it is easy to use, is based on updated data, and allows multiple space–time analyses of COVID-19. This WebGIS presents two points of originality.



The developed geovisualization dashboards have features that allow analyzing the space–time evolution of COVID-19, taking into account patient information. This is relevant information for tackling the pandemic, such as age and comorbidity correlated with the chances of hospitalization and death from COVID-19.



Another point of originality is the possibility of monitoring the evolution of deaths and cases due to COVID-19 from areas defined using specific spatial geometries. The geovisualization dashboard allows for analyzing the dynamics of COVID-19 around hospitals, shopping centers, avenues, highways, neighborhoods, and communities. This functionality is highly relevant to ensure flexibility in planning policies to combat the pandemic. For example, governments can establish mobility restrictions for neighborhoods, allocate health professionals and equipment considering the age and comorbidity of the population in regions of the city, and identify priority areas for testing or vaccination campaigns.



Among the limitations of the developed WebGIS, it must be mentioned that dashboards only allow monthly temporal analyses. Furthermore, spatial analyses consider the entire dataset. In addition to seeking to overcome these limitations, future investigations may include functionalities to predict the evolution of COVID-19 [69,70,71,72,73]. Another functionality to be considered in future research is the inclusion of other diseases with endemic and pandemic potentials, such as yellow fever, dengue, and flu.
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Figure 1. Search settings on which the preparation of the literature review was based. Note: (*) content created using VOSviewer [10]. 
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Figure 2. Annual evolution and evolution trend of the literature retrieved with the adopted search parameters. 
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Figure 3. Research on the geovisualization of COVID-19 (the main areas of science and journals). 
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Figure 4. The geovisualization of COVID-19 research fronts (the international literature retrieved with search parameters adopted in the study). 
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Figure 5. Location map of the municipality of João Monlevade, Brazil. 
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Figure 6. The operational framework of the development of the COVID-19 Geovisualization WebGIS in João Monlevade. 
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Figure 7. COVID-19 spatio-temporal monitoring dashboard (cases by month, age, and other patient health information) for a fixed radius from a point. Note: the radius distance is not editable on this dashboard. 
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Figure 8. COVID-19 spatio-temporal monitoring dashboard (cases by age group, gender, and month) for a specific location based on a point (e.g., commercial point or hospital). 
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Figure 9. COVID-19 spatio-temporal monitoring dashboard (cases by age group, gender, and month) for a specific itinerary (e.g., street, avenue, or highway). 
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Figure 10. COVID-19 spatio-temporal monitoring dashboard (cases by age group, gender, and month) for a specific region (e.g., neighborhood or census tract). 
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Table 1. Region of origin of the authors of the papers retrieved based on the search parameters adopted in this study.
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	Region
	Number





	Europe
	33



	Asia
	17



	North America 1
	17



	Africa
	5



	Latin America
	2







1 Excluding Mexico, which was included as Latin America.













 





Table 2. Spatial analysis carried out by the WebGIS reviewed in the study.
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	WebGIS Associated with
	Papers
	References





	Other data (e.g., tourism and education)
	21
	Balla et al. [24], Pasquaré et al. [26,27], Heintzman [44], Geraghty and Kerski [46], Casquero-Modrego et al. [47], Elalami et al. [48], Kafarski and Kazak [49], Heintzman et al. [45], Martínez- Hernández et al. [28], Puertas-Aguilar et al. [50], Martínez- Hernández et al. [51], Gaie [52], Fassoulas et al. [53], Mesquita et al. [56], Santos Costa et al. [57], Leão et al. [58], Freitas Pereira et al. [59], Machado et al., [60], Antero et al. [61], Dantas et al. [62], and Habowski et al. [63].



	Only COVID-19 data
	11
	Beuren et al. [29], Marques da Costa et al. [30], Meddah and Guerroudji [36], Li [39], Schmidt et al. [40], Tiwari and Aljoufie [41], Supriatna et al. [4], Sadoun et al. [42], Phang et al. al. [43], MacTavish et al. [54], and Bandeira et al. [5].



	Health, social, and demographic data
	9
	Kim [18], Iyanda et al. [19], Zhai et al. [21], Gavurova et al. [22], Li et al. [31], Steger [32], Pala et al. [33], Palhares and Hermano [64], and Lan and Delmelle [3].



	Mobility, satellite, and social media data
	8
	Pászto et al. [20], Zhai et al. [21], Zhou et al. [23], Ponjavic et al. [25], Chen et al. [37], Zhou et al. [12], Konicek et al. [6], and Minghini et al. [7].



	Health system data
	3
	Liu et al. [35], Odunsi et al. [14], and Torres-Ruiz et al. [34].



	Non-spatial analysis
	3
	Ahasan et al. [2], Lan et al. [1], and Rezk and Hendawy [38].







Note: The study by Medeiros and Valente [55] does not fit into any of the above categories.
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